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The shocks—the stresses—the strains to 

which a motor car or truck is subjected 

when speedily traveling over rough roads 

would soon work ruin to the vehicle were 

it not for alloy steels. ieee ty po 
In many of America’s most prominent cars, Se eecinl atc 
such parts as springs, gears, axles, shafts, etecle such as— 
motor parts, etc., are made of the various Nickel, Chrome- 
analyses of Agathon Alloy Steels. desea, Chrome: 


M . 
These tough stecls of super-strength sre Fastest 3 
the backbone of what motor transportation Chrome - Vanadium, 
has accomplished in speed and endurance. — 
They are the big contributors to Low- Deliveriesin Bloons 
Uphoap, Last SF ishe, Retvice, Reliability Spring Flats, Ho: 
and those other important factors con- ~— 
sidered by the ultimate consumer of gas 
engine vehicles. Send for interesting book- 
let, “‘Agathon Alloy Steels.” 


THE CENTRAL STEEL COMPANY, Massillon, Ohio 


Cleveland 3 University ener Bidg. 
) Swetland Bldg. Rakes. ee Block Wid ‘ciphia 
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INITIATIVE 

LBERT HUBBARD rightly said that “the world bestows its 

big prizes, both in money and honors, for but one thing. And 
that is Initiative.” 

What is Initiative? He answers that “it is doing the right 
thing without being told. But next to doing the thing without 
being told is to do it when you are told once. That is to say, 
carry the message to Garcia. Those who can carry a message get 
high honors, but their pay is not always in proportion. Next, 
there are those who never do a thing until they are told twice. 
Such get no honors and small pay. Next, there are those who do 
the right thing only when necessity kicks them from behind, and 
these get indifference instead of honors, and a pittance for pay. 
This kind spends most of its time polishing a bench with a 
hard luck story. 

“Then, still lower down in the scale than this, we have the 
fellow who will not do the right thing even when someone 
goes along to show him how and stays to see that he does it. 
He is always out of a job, and receives the contempt he deserves, 
unless he happens to have a rich Pa, in which case Destiny 
patiently awaits around the corner with a stuffed club.” 

How many do you know who fits each class? The successful 
man can Only come from, and belong to, the first. He must 
ave initiative to climb high on the ladder of success. 


REPORT OF FIFTH ANNUAL CONVENTION 
HE October issue of TRANSACTIONS goes to press on the eve 
of the fifth annual convention of the Society. A complete report 


convention activities will appear in the November issue oi 


| RANSACTIONS, 
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HENRY MARION HOWE MEMORIAL SERVIC 


A: THE Episcopal Cathedral of St. John, the Divin 
hundred and tenth street and Amsterdam avenue, New 
City at 5:00 p. m. on Thursday, Oct. 25, 1923, will be 


memorial service for the late Dr. Henry Marion Howe, pr: 


of the American Institute of Mining Engineering in 18° 
whose memory the institute has recently established the 


Marion Howe Lecture. 


The memorial service will be largely musical, by the Cat! 
organist. and choir, with short addresses. Dr. Nicholas Murray 
Butler, president of Columbia university, has been asked 
one of the speakers. Doctor Howe was a vestryman in a 
Episcopal church in this diocese. He combined the qualities 0} 
the great scientist with those of a devout christian. Bishop \la 
ning and Dean Robbins idealized the service as an expression 
of the harmony which can and does exist fundamentally betwee: 


science and religion, when understood profoundly. 


After conference between Bishop Manning and Judge (Gary. 
as president of the American Iron and Steel institute, the dat 
of the.service was selected so as to coincide with the autumn meet 
ing of the American Iron and Steel institute. Owing to the al 
sence of Mrs. Howe, it was deemed best not to hold the service 
at the time of the annual meeting of the American Institute ©! 
Mining Engineering last February. The directors of the American 
Institute of Mining Engineering have, however, appointed @ 
committee to co-operate with Dean Robbins in arranging the ce 
tails of the service, and it is hoped that many members of the 
institute in the East will attend it. The Cathedral is more than 
large enough to seat all who can and will come. [veryone | 
invited who is interested or attracted by the beauty of the service 
or desires to join in this token of respect to our late distingus!y 
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NEW OFFICERS 


HE tellers of election have counted the ballots cast by 

the membership of the American Society for Steel ‘Treat 
ing and the following new officers have been elected: [res 
dent, Dr. George K. Burgess, director, Bureau of Standards. 
Washington, D. C.; second vice president, Robert M. Bird 
engineer of tests, Bethlehem Steel Company, Bethlehem, 1!’a.: 
treasurer, Zay Jeffries, research bureau, Aluminum Compan) 
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The board of directors of the society will be composed 
of the newly elected officers and the following: First vice 
president, W. S. Bidle, president, W. S. Bidle Company; se 
retary, W. H. Eisenman, 4600 Prospect avenue, Cleveland 
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THE THEORY IN QUENCHING STEELS 
By Kotaro Honda 


Abstract 


The author of this paper, a well known authorit 
on the metallurgy of tron and steel, has reviewed in con 


siderable detail the theory of the mechanism and prin 
ciples involved in the quenching of steels. 

Quenching cracks are closely studied and the autho: 
points out that the generally accepted cause of the crack 
ing of high carbon steels by quenching in water, is not a 

evident as has been supposed. The nonuniform distribu 
tion of temperature and the difference in martensite ex 
pansion of adjacent parts during quenching, are not alon 
the causes of quenching cracks, because, as the result of} 
the author’s experiments it was found that cracking occurs 
only when the quenching temperature exceeds the A, point 
The cracks, therefore, must have some connection with th 
A, transformation. The author develops the theory in 


this connection as based upon experimental data. Hard 


ness tests of specimens quenched from various tempera 
tures are include d in this paper. In conclusion the autho 
suggests a remedy for eliminating quenching cracks. 


PRINCIPLE OF QUENCHING 
HE quenching of a_ steel in its heat treatment originally 
means the suppression of a transformation by a rapid cooling 
This rapid cooling is usually obtained by plunging a 


heated stee! 
in cold water or oil. 


If a metal possessing a transformation at 
high temperature be heated above this temperature 


and then cooled 
very rapidly, 


the transformation is partially or wholly arrested 


The metal requires a certain time to perform a transformation. 


and if this time is insufficient, 


the transformation cannot progress 
at all, o 


r goes on a little, before the metal cools to room tempera 
ture; but any transformation taking place very 


easily at hig! 
temperature scarcely goes on at room 


temperature, owing 
the great viscosity of the metal at low temperature. Thtts>) 
A paper presented at the annual convention ot the Society, P 
burgh, October 8-12, 1923. The author, Kotaro Honda, 1s_protesso! 
metallurgy, Tohoku Imperial University, Sendai, Japan. Written 
cussion of this paper is invited. 








THEORY IN) QUENCHING STEELS 45] 


vater quenching a metal possessing a transformation, from a tem 
yerature above the transformation point, the state or the phase at 
the high temperature can be preserved at room temperature. 
Hence we can easily study its structure microscopically. This is 
the principle of quenching and is widely used in the science of 


metallurgy; its absolute validity is generally admitted. 


(QUENCHING OF STEELS 


lake for the sake of simplicity, the case of quenching of a 
0.90 per cent carbon steel. Above the A, point, the steel has an 
austenitic structure consisting of a solid solution of carbon in 
y-iron, and below it a pearlitic structure consisting of a mechanical 
mixture of ferrite and cementite forming the well-known lamellar 
distribution. Hence by quenching the steel above the A, point, 
it is to be expected to have an austenitic structure, or if the 
quenching is not sufficiently effective, a pearlitic structure. Con 
trary to our expectation, we obtain a structure quite different 
from either of them. This structure consists of very fine needle 
shaped crystals known as martensite; being a very hard homo 
geneous phase consisting of a solid solution of carbon in a-iron. 
By X-ray analysis, Dr. Westgren' has shown that in the austenitic 
region, 1.e., above the Ag, point, iron has a face-centered cubic 
lattice, but below it a cubic centered, thus the A, transformation in 
ron being the change of atomic configuration from a face-centered 
cube to a cube-centered, or vice versa, and that the atomic configura 
tion in martensite is the body-centered cube as in a-iron, but differs 
from the latter in taking carbon atoms in the interspace of the 
cubic lattice. From the diffusion of the spectrum linés, he also 
concludes that individual crystals constituting the martensitic struc- 
ture are very fine, each containing only several hundreds of atoms. 
(here is thus no doubt that martensite is a solid solution different 
i phase from austenite, differing of course from pearlite. 

lf by quenching a steel, neither austenite nor pearlite, but 
martensite, is obtained, the principle of quenching is violated, and 
hence numerous results of investigations hitherto made by many 
metallurgists in observing the microstructure of quenched metals 
and alloys may not be true. The formation of martensite by 


Iron and Steel Institute, 1921, No. 1; 1922, No. 1. 
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quenching is thus a very important and serious proble: 


metallurgy; hence it is much to be desired that if possible 


above problem will be so explained as to conform with the pri: 
of quenching. 


Cur THEORY OF QUENCHING 


Krom the structural point of view, the A, transformation 

sists of 
austenite=2pearlite. 
but according to the present writer,? this shows only the 
ot the transformation, and the change itself consists in reali 
the stepped change, that is, 
austenite=2martensite=pearlite 
or 
solid solution Yesolid solution poke t Ke.¢ 

During a slow cooling, at the A, point, austenite first chany 
into martensite, and the latter being at the high temperatur 
changes immediately into pearlite, the result being the sam 

austenite—pearlite. 

During a very rapid cooling, such as quenching, the change 
austenite to martensite is so far retarded that it begins to 
place at below 300 degree Cent. (572 degrees Fahr.), and \ 
this change is completed, the specimen is nearly at room tempc: 
ture, and hence the second change from martensite top 
cannot progress, owing to the great viscosity of the specime: 
room temperature. Thus by quenching the steel in water, marte 
site is obtained. This explanation does not at all contradic! 
principle of quenching. 

Since during cooling, the change from austenite to pearl 
always occurs through an intermediate phase martensite, 11 
natural to assume that during heating, the A, transformation, 
is, the change from pearlite to austenite takes place through m: 
tensite, unless some negative facts are found. 

According to the above theory of quenching, the peric 
quenching is obtained when the first change in the stepped trans 
formation, austenite-martensite, completely takes place, 
the second change, martensite—pearlite, is completely suppresse' 
In the case of a less rapid cooling, the first change occurs 


2. Science Reports 8 (1919), 181; 11 (1922). 489. K. Honda and T. Mat 
Seience Reports 8 (1919); K. Honda and 8S. Idei; Science Reports 9 (1920), 491 
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higher temperature than in the above case, and therefore 

second change partially progresses, resulting in a martensitic 
‘ructure mixed with pearlite (troostite in actual case). Since 
the hardnesses H of austenite, martensite and pearlite satisfy the 
following relation, 

H._ austenite << H martensite > H_ pearlite 

hardness of the martensite mixed with pearlite is less than that 

pure martensite. This is the case of an imperfect quenching. 

In the case of an extremely rapid cooling, not only the second 
change is completely suppressed, but even the first change is par 
tially suppressed. We then obtain a martensitic structure mixed 
with austenite, the hardness of which is less than that of pure 
martensite. This is the case of a too severe quenching. In such 
a case, however, a little tempering at a temperature below 100 
degrees Cent. which accelerates the change of the remaining au 
stenite into martensite, increase its hardness slightly. 










KQUILIBRIUM DIAGRAM OF [RON-CARBON SYSTEM AND THE 
STEPPED TRANSFORMATION 













Fig. 1 is that portion of the constitutional diagram of the iron 
carbon system, which has the connection with the A, transforma 
tion. The As point of pure iron is lowered by the addition of 
carbon along the line Ask, till it reaches the eutectoid horizontal 
\,C at point E. Above the eutectoid concentration E, the Ags line 
coincides with the eutectoid line EC. EB is the solubility line of 
cementite in Y-iron or austenite. The dotted horizontal is the A, 
line; this line is so drawn, since the A, transformation is not the 
change of phase. 

From the equilibrium diagram, it is to be concluded that along 
line A,;E, double processes consisting of the A, change and the 
precipitation of ferrite begins to take place, and that along line 
EC, in which the As point falls, the above double processes occur 
at the same temperature. Since the A, transformation during cool- 
ing consists of the change of configuration in iron atoms from 
the face-centered cube to the body-centered, carbon being still 
present as a solid solution, the first change of the double processes 
i the case of steels is nothing but the change, austenite—marten- 
site, and the second change, that is, 








the precipitation of ferrite 
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from martensite is the change, martensite—pearlite. Thus 
double processes just referred to are the same as the steppe 
change before mentioned, that is, 

austenite—martensite—pearlite 


Suppose we cool a hypereutectoid steel from the austenitic 
region; on reaching line EB, cementite begins to precipitate from 
austenite and continues to do so, as the temperature falls, ¢jj! 
the concentration of the remaining austenite reaches that of ew 


ei 





/ 2 
PEP CENT CARBON 


Fig. 1—-Portion of Constitutional Diagram 
the Lron-Carbon System 


tectoid. At this point, the austenite makes the A, transforma 
tion, that-is, the A, transformation immediately followed by alter 
nate precipitations of ferrite and cementite in virtue of alternate 
supercoolings, giving rise to the well known lamellar structure 
Thus the A, transformation here consists of the changes, 
austenite—martensite—pearlite 


Since the nature of the A, transformation is the same bot! 
for the hypo and hypereutectoid steels, it is to be concluded that 
for the whole carbon concentrations ranging from 0 to 6/7 pe! 
cent, the A, transformation must, in its nature, consist of th 
changes, 

austenite—martensite—pearlite 


On the other hand, if we cool the hypoeutectoid steel tron 
the austenitic region, on reaching line A,E, a small quantity 
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austenite first makes the A, transformation, and then from this 
transformed product,—martensite—, the precipitation of ferrite 
follows. As the steel further cools, the remaifitng austenite grad- 
ually makes the same changes, till the concerftration of austenite 
reaches the eutectoid at point EF, where the remaining austenite 
makes the stepped change above referred to at the constant tem- 
perature. 

We have seen in the above that the change, austenite—marten- 
site, is in reality the A; transformation, and hence the heat of the 
change must be equal to that of the A, transformation in pure iron, 
a small allowance being made for the presence of the dissolved 
carbon atoms. Meuthen*® found by his careful experiment, the 
heat of the A, transformation in’ pure iron to be 5.6 calories per 
gram. On the other hand, N. Yamada‘, directly measured the 
heat of transformation, austenite—martensite, for a eutectoid steel 
and found it to be 5.66 calories per gram of iron. Thus the coin- 
cidence between these two is very satisfactory. 

In a former paper,° Dr. T. Matsushita has shown that in car- 
bon steels, there exist two kinds of martensite a and £B, the A, 
transformation during cooling taking place in the order. 


Austenite—-martensite—a-martensite —pearlite, 


and that during a slow heating of a quenched steel, a and 8 marten- 
sites are tempered at about 180 and 280 degrees Cent. respective- 
ly. Since these martensites have both a body-centered cubic lattice 
with regard to iron atoms, the difference between them consists 
very probably in the mode of distribution of carbon atoms within 
the space-lattice of iron atoms. Thus strictly speaking, the A, 
transformation consists. of three steps taking place one after the 
other. 

The following analogy will also assist the understanding of the 
stepped transformation. Suppose a sphere to rest on a stepped 
stand of the form as shown in Fig. 2, and the stand to undergo 
a continuous vibration, which corresponds to the thermal condition 
of steel. Let us further suppose that the positions A and B in 
the stand are much more stable than that of C. The positions 
of the sphere at A, B and C are assumed to correspond to austen- 


ite, pearlite and martensite, respectively. When the equilibrium 


8.. Ferrum, 10, (1918), 1. 
4. Science Reports 10, (1921), 453. 
5. Seienee Reports 7, (1918), 43. 
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of the sphere at A is disturbed, the sphere falls at first to por 
C; if the vibration of the stand is considerable, it falls aga 
position B. These stepped falls are similar to the chang. 
austenite to pearlite through martensite at high temperatures 
however, during the fall of the sphere from positions A 


t 
( 


Illustrating Stepped Trans 
formation in Steel 


the vibration of the stand decreases to a less intensity, the sphere 


will remain in equilibrium at position C. This case corresponds 
to the quenching of a steel. 

In the same way, we may also conceive between two position: 
A and B two or more intermediate positions C,, C.. 
responding to a and 8 martensites, and so forth. 


‘TROOSTITIC AND SORBITIC STRUCTURES 


In the above theory of quenching, the perfect hardening 1 
obtained, when the first change in the stepped transformatio: 
austenite—martensite—pearlite 
takes place completely and the second change is arrested, whi: 
an imperfect hardening corresponds to the case, when the first 
change goes on completely, but the second only partially. Fig. 5 
is a diagram illustrating the mechanism of quenching and simila 
to that already given by Professor Sauveur in his well known text 
book. a is the case of a slow cooling, where the change from aus 
tenite to pearlite takes place at a constant temperature of /( 
degrees Cent. (1292 degrees Fahr). b is the case of the perfect 
hardening; here owing to a very rapid cooling, the change from 
austenite to martensite begins to take place at about 300 degree: 
Cent. and is completed near room temperature, the second chang: 
from martensite to pearlite being suppressed. c is the case 0! 
imperfect quenching: owing to the slower rate of cooling tha 
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jast case, the first change begins to vccur at about 450 degrees 
nt. (842 degrees Fahr.) and when it is completed the specimen 
still at a higher temperature, and hence the second change oc 
rs, before it is cooled to room temperature. This change con 
ts of the precipitation of cementite as fine colloidal particles 
n a martensitic solid solution; this structure, when polished, is 


~ 

S 

= Quenching 
S 

3° a ——————— 





hig }—Diagram Ullustrating _ the 


Mechanism of Quenching 


\—Austenite; M—Martensite; 
I Troostite; S——Sorbite 


easily etched in acid and by virtue of a minutely roughened sur 
tace due to the presence of cementite particles appears black, even 


to the naked eye. It is usually called, troostite. 


In d, the cooling is still slower, and therefore, the first change 
occurs at a higher temperature than in the last case. Hence the 


formation of troostite takes place at higher temperature, so that if 
the further cooling to room temperature is conducted very slowly, 
troostitic particles coagulate to some extent by virture of the sur 


This structure called sorbite, is less easily etched 


lace tension. 
readily than the 


by acid than the troostitic structure. but mor 


earlitie structure. 
By properly adjusting the rate of cooling, either one of three 
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structures, martensite, troostite or sorbite, can be obtained. Tr 
tite and sorbite are the mechanical mixtures of ferrite an 
mentite, and therefore the same as pearlite in their nature. 


In practice, it is usual to obtain troostite and sorbite by t 
pering quenched steels: The martensite, when left itself at r 
temperature, hardly changes into pearlite owing to the high viscos 


ity of the material at this temperature, but when it is raised t 
300 to 400 degrees Cent. the martensite slowly changes into troos 
tite by the deposition of fine cementite particles. By raising the 
reheating temperature to 500 to 600 degrees Cent. for a certain 
interval of time, the coagulation of troostitic particles goes on to 


such a degree that the structure becomes sorbitic. 


Besides the usual method of quenching and tempering, w: 
frequently use a stepped quenching for obtaining a troostitic or 
sorbitic structure. The specimen is first heated above the A 
point, then plunged into water and after a short interval of time 
when the change from austenite to martensite is just completed 
taken out. When during cooling in air, the change from marten 
site to troostite or further to sorbite goes on completely, the speci 
men is again quenched in water to arrest the change at this stage 
we thus obtain a troostitic or sorbitic structure. 

The velocity of a transformation in a pure metal generall) 
decreases when it contains impurities or is alloyed with othe: 
metals. Thus the A, transformation goes on very slowly in special 
steels, such as nickel, chromium and manganese steels. In these 
steels, the structures, such as austenite and martensite, which 
are hardly or only obtainable by a very rapid cooling in the cas 
of carbon steels, can be obtained by air cooling or at ordinary 
rates of cooling. 


(QUENCHING CRACKS 


It is a well-known fact that during the quenching of higl 
carbon steels in water, cracks are often formed on their surfaces 
The cause® is generally believed to be: 

1. The nonuniform distribution of temperature in tlic 
specimen during quenching. 


6. McCance, Journal of the Iron and Steel Institute, 1914, No. 11, pp. 235, 2 
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2. The difference in martensitic expansion of adjacent parts 
during quenching. 
\ closer examination of the phenomenon shows, however, that 
true cause 1s not so evident, as the sound due to cracking 
often heard some ten seconds after quenching. The thermal 
ress is maintained so long as the temperature is not uniform 
hroughout the specimen. For instance, in a_ short -cylinder,’ 
wut 2 centimeters in thickness and height, the difference in 
temperatures between the interior and exterior parts, during the 
rst stage of the quenching process, may amount to several hun 
lred degrees, and consequently a great stress will result, but 
after about ten seconds it does not exceed 20 degrees and hence 
there is only a small residual stress. Again, at the moment of 
transformation of austenite into martensitic during cooling, con 
siderable expansion in volume occurs. In the case of rapid cool 
ing the transformation does not, however, take place at the same 
moment at the outside and the inside of the specimen. A great 
tress due to unequal martensitic expansion will result which may 
lead to cracking, although after several seconds, during which the 
\, transformation passes over the whole mass, this stress will 
iso vanish. 
lf the cracks were due to the two causes above mentioned, 
vhy do they not take place during the first stage of quenching, 
vhen the specimen is undergoing a large amount of internal stress, 
and why do they take place after a lapse of time? It is, of 
ourse, conceivable that at a very high temperature, the material 
vields to an enormous thermal stress, and therefore this stress is 


partially released, in which case a thermal stress of considerable 


magnitude may result at room temperature, and may be the cause 


t the cracks occurring some ten seconds after quenching. During 

very rapid cooling, such as quenching in water, the release of 
the stress, which requires a certain interval of time, is probably 
ery small. 


In order to show that the cause of quenching cracks is not 


pure thermal stress*, the following experiment was made: Several 


ubes, 2 centimeters on each side, were made of steel containing 


1.26 per cent of carbon. They were quenched in water from dif- 


Science Reports 8 (1919), 86 


K. Honda and S. Tdei. Science R 
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ferent high temperatures, and the quenching temperature at v 
cracking occurred, was observed. 


The following table contains the result of the experiment 


Table I 
Heating 


Quenching Temperature Degrees Centigrade 


O&O 700 750 770 ROO 
Remarks-—No Crack No Crack No Crack No Crack Crack 


Cooling 


Quenching Temperature Degrees Centigrade—Specimens first heated 
900 degrees Centigrade, then cooled and quenched 


800 770 750 730 710 690) 
Remarks—Crack Crack Crack Crack Crack No Crack 


From this table, it is seen that during heating the crack do 
not occur unless the quenching temperature exceeds 800 degree. 
Cent. During cooling from 900 degrees Cent. the quenching crac! 
is always observed down to a temperature of 700 degrees Cent 
and not observed at any lower temperature. This limiting ten 
perature is much lower than that during heating. As is well 
known, the Ar, point is always lower by about 40 to 80 degree: 
Cent. than the Ac, point; hence, from the above result of quenc! 
ing experiments, it may be concluded that during heating or coo! 
ing the crack occurs when, and only when, the quenching tempe: 
ature exceeds the Ac, or Ar, point, respectively. Hence the caus: 
of quenching cracks is not pure thermal stress caused by nonuni 
form distribution of temperature due to rapid cooling, because 1! 
such were the case, there would be no reason for the cracks oc 
curing beyond the A, point. The cracks must, therefore, hav 
some connection with the A, transformation. 


In a quenching, cracks usually occur in ten to fifteen seconds 
after quenching in water; they can be distinctly detected by th 
sounds accompanying cracking. The same fact also indicates tha! 
the thermal stress is not the direct cause of cracking; becaus 
the cracking occurs after a lapse of time, where a greater par! 
of the thermal stress due to the unequal cooling of the specie 
passes off. As is well known, during cooling through the -\! 
point, the specimen undergoes a considerable expansion due to 





ey] 
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transformation.” Since during cooling the outer portion is 
ys at a much lower temperature than the inner portion, the 
rmer. during the said transformation, exerts a great impulsive 


ension on the latter, and this may cause a crack in the specimen. 
fact that cracks generally occur after the impulsive stress due 


So 


\r, transformation is passed over, shows that the impulsive 


to the 
ress is not the actual cause of quenching cracks. 


HARDNESS MEASUREMENTS OF QUENCHED STEELS 


lhe result of experiments on the measurement of hardness 


i quenched carbon steels by means of a Shore scleroscope will be 


next described. The specimens were tested in the form of a cube 
ich side being 2.7 centimeters. 
In a soft quenching, such as in oil from a temperature 


1 


l. 
exceeding 820 degrees Cent. the hardness of different speci 


ens 1s greatest in the outer portion, and decreases from its per 


phery towards the center (Fig. 4). 
2. In a medium quenching, such as that of a 0.91 per cent 
irbon steel at 780 degrees Cent. in water, or that of a 1.47 per 


t carbon steel at 900 degrees Cent. in oil, hardness is nearly 


nstant everywhere (Fig. 5). 
3. In a hard quenching, such as that of a 0.68 per cent 


K. Honda, Science Reports, 6, (1917), 203 
Reports, 9 


K. Honda and 8S. Idei, Serries 
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carbon steel from 800 degrees Cent. or a higher temperature 
in water, the hardness is least in the outer portion and incr 
rapidly toward the center (Fig. 6). 

4. When cracking takes place, lines of cracking cut equi- 
hardness curves almost orthogonally. The form of equi-hardness 


i SES 


91 
93 


89 
82 
Fig. 6 
curves is elongated in a direction normal to the line of cracking 
(Figs. 7, 8, 9). 

5. In the cubes, the equi-hardness lines become roughly cir 
cular or elliptical at a short depth from the surface. 

6. Cracking occurs in most cases, when the temperature 0! 
the specimens falls nearly to that of the bath. 

7. Thehardness does not increase appreciably, so long a: 
the quenching temperature is below the Ac, point. When the tem- 
perature increases beyond the beginning of the Ac, range, the 
hardness rapidly increases, reaches a maximum at about 820 de 
grees Cent. and afterward slightly decreases. 

The explanation of these facts is as follows: 

According to the theory of quenching, the A, transformation 
is a stepped change consisting of 

austenite—martensite—pearlite. 

But with regard to the volume per unit of mass, the relation is, 

martensite > pearlite > austenite 


for martensite is known to exist in a more dilated state than 
pearlite, and the latter in a more dilated state than austenite, as 1s 
seen from the expansion-temperature curves** at high tempera 


11. K. Honda, Science Reports, 6. 
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tures. Hence in the A, range, during slow cooling, the elongation 
‘-; a differential effect of the expansion due to austenite—marten- 
site, and of the contraction due to martensite—>pearlite; during 
slow heating, the contraction is a differential effect of the expansion 
due to pearlite—martensite, and of the contraction due to marten 
site — austenite. 

In quenching experiments, the rates of cooling in the outer 
and inner portions of the specimen differ considerably from each 


Fig. 7—Equi-hardness lines Fig. 8—Eqni-hardness Lines 
of a 1.0% Carbon Steel of a 0.91% Carbon Steel 
Quenched in Oil from 810 De- Quenched in Water from 880 
grees ‘Cent. Degrees Cent. 


Fig. 9—Equi-hardness lines of 
1.0% Carbon Steel Quenched in 
Water from 870 Degrees Cent. 


other. In the outer portion, where cooling is very rapid, not only 


the second change of the A, transformation, martensite to pearlite, 
is stopped, but also its first change, austenite to martensite, is par- 
tially arrested so that this portion contains a certain amount of aus 
tenite intermingled with martensite. In the inner portion, the rate 
of cooling is not so rapid, and hence the austenite is mostly trans 
tormed into martensite; but its further transformation into pearlite 
is arrested. Since the austenitic structure is much softer than the 
martensitic structure, it is to be expected that the outer portion, 
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containing a greater proportion of austenite than the inner po: 
will be softer than this portion. 

If the above view be correct, for a soft quenching, suc! 
quenching in oil from a moderately high temperature, the | 
portion may be just fully martensitized, while in the inner 


te} 


enponcnn pening 


Hardness 
® 


Scleroslope 
3 


Time iat Weeks 
Fig. 10—Showing that a Hard Quenched Specimen at Room Temperatu 
increase in Hardness with Lapse of Time. Quenched in Water from 880 Degrees 
tion, the transformation from martensite to pearlite is partial 
this case, the outer portion must be harder than the inner portio 
as is actually brought out by experiments. In a somewhat harie: 
quenching than in the last case, the outer and inner portions may 
possess nearly the same hardness. The fact that above 820 degrees 


pe Hard 
Ss 


Sclerosco 


Time in Hours 


Fig. 11—-Showing that Quenched Specimen when Constantly Heated at 
grees Cent. will first Increase in Hardness and then Slightly Decrease 
Quenched in Water at 880 Degrees Cent. 


Cent. the hardness gradually decreases as the quenching tempera 
ture increases, is explained by the same theory, that is, by a grac 
ual increase of austenite arrested and mixed in martensite. 
Several quenched specimens were examined microscopically 

see whether any appreciable decarburization actually occurred 
but except narrow edges, or at least in portions where hardness 
was measured, decarburization was negligibly small. Hence th 
less hardening of the outer portions cannot be explained by decar 
burization during heating. In many cases, however, it is cause’ 
by the arrested austenite during quenching. 
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The cause of cracking was next investigated in a series ot 
ui-hardness curves for a number of carbon steels quenched from 
rving temperatures. Since the form of the equi-hardness lines 

vas elongated in the direction perpendicular to the line of cracking 
ig. 7), it is to be concluded that the martensite development is 
ereatest in the elongated central portion and least in the periphery : 
ence the martensitic expansion in the former portion is much 
ereater than that in the latter portion. The central portion exerts. 
erefore, a great tension on both sides, this tension causing the 
racking of the specimens. This is the reason that the lines o1 
racking are normal to the elongated equi-hardness curves. Since 
the difference in the specific volumes for martensitic and austenitic 
structures increases rapidly as the temperature falls’*, it may be 
inderstood why cracking generally occurs, when the temperature 
{ the specimen approaches to room temperature. 


(ONCLUSIONS 


tiaving thus far explained the distribution of hardness and 
crack lines, the question of how to avoid quenching cracks arises. 
In quenching practice, it is not necessary to get a very great hard 
ness, except in the case of cutlery. It is also evident from the 


above investigation that to obtain a martensitic structure, too rapid 


cooling is unnecessary. In order, therefore, that the specimen may 
not crack during quenching, but that its hardness be properly de 
veloped, quenching must be medium hard, such as quenching in oil 
trom 900 degrees Cent. (1650 degrees Fahr.), in which case the 
hardness is nearly constant throughout the specimen; hence the 
stress due to the difference in the structures is small, and conse 
quently cracking cannot occur. 

According to the above view, in a hard quenched steel, some 
austenite remains untransformed at room temperature, at which 
this austenite will slowly transform into martensite. On the other 
iand, at room temperature martensite has a tendency further to be 
iransformed into troostite, but its velocity is much smaller than 
hat of austenite>martensite just referred to. The consequence 1s 


it at room temperature a hard quenched specimen will slowly 


K. Honda, Setence Reporte 8, (1919), 186 
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increase its hardness with lapse of time. This inference is brought 
out by experiments’® (Fig. 10). 

If the quenched specimen be constantly heated at 100 degree, 
Cent. instead of letting it remain at room temperature, the above 
change from austenite to martensite will be much accelerated, at 
the same time the change from martensite to troostite will also be 
accelerated. Hence the hardness first increases, reaches a maxi 
mum, and then slightly decreases. As shown in Fig. 11, this con 
clusion is actually brought out by experiments”*. 


13, 14. Science Reports 9, (1920). 
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METALLOGRAPHY AND TESTING OF OXYACETY- 
LENE WELDS 


By J. R. Dawson 


Abstract 



























This paper deals with the application of oxyacetylene 
welding to various classes of steel and to cast tron. 
Photographs are included to illustrate the effect of the 
process on the structure of metals that are welded. 
The physical properties of welded metals are discussed 
and illustrated by typical test results. 

The author has emphasized that oxyacetylene welds 
are quite dependable when the work is done under suit- 
able conditions and with proper supervision. Stress has 
been laid on the need for testing of the welder’s work. 
The opportunities for saving, that results from greater 
use of the welding have been mentioned, and a plea made 
for the application of the principles of heat treating to 
welding problems, which are of a nature to require 
metallyrgical knowledge. 





ELDING is a metallurgical operation. Since we, as steel 

treaters who devote our experience and thought to proper 
control of metallurgical practice and correct heat treatment 
methods, are frequently called upon to decide the suitability of 
welding applications to production work and repairs of products 
or plant maintenance, the author ventures to present briefly, results 
and conclusions arrived at in the course of extensive research 
in the problems of oxyacetylene welding and cutting. 


The extent of the metallurgical features of oxyacetylene weld- 
ing may well be appreciated from the consideration that molten 
metal under the gas flame is comparable to the bath of an open- 
hearth furnace, and is subject to treatments similar to those 
given the open-hearth bath, such as changes of composition due 
to oxidation, addition of alloys, and interchange of elements be- 






A paper presented before the annual convention of the Society, Pitts 
burgh, October 8-12, 1923. The author, J. R. Dawson, is associated with 
the Union Carbide and Carbon Research Laboratories, Inc., Long Island, 
City, N. Y. Written discussion of this paper is invited. 
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tween the metal and slag. Furthermore, metal adjacent ti. th, 
zone of deposited metal is necessarily heat treated to some e 
and throughout all investigations of welds and welding this 
treatment factor is of importance. 


nt, 


Cal 


IMPORTANCE OF COMPETENT WELDERS 


The results obtained in fusion welding are quite uniform 
dependable when suitable materials are used and the work don 
by competent welders. The most important element affecting 
weld quality, is the manner in which the operator handles the 
work. The following factors are also of importance in securin 
satisfactory quality of welding: 


(Fy 
— 


1. Selection of men 


Most men of average ability can become good welders. [he 
requirements are honesty, patience, and a reasonable amount 
manual dexterity. 


2. Training methods 


Training is obviously of the same importance for this work 
as for that of other crafts. Mention should be made at this 
point of the excellent work of the American Welding societ\ 
committee on training operators.’ 


3. Supervision 


Those in charge of welding work should understand th 
properties of the metals being handled and of the welded articl 
and they should know enough of the details of correct weldin: 
methods to judge the quality of the work being done. 

To prove the quality of a welder’s output, it is only necessar) 
to use the tensile or bend test on a number of specimens made |) 
him, welding materials of satisfactory quality, having been pro 
vided. Check-tests of welder’s work are of great importance ani 
should be made regularly by competent supervisors who are ca) 
able of recognizing the quality of welding. 

Until recently, little distinction was made between welding 
rods and ordinary wire, but the need of suitable, good quality rods. 
is of first importance, for the quality of the resulting deposited 
metal is largely dependent upon the rod used. 


Bulletin of the American Welding Society, May, 1923 
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QuALITY oF \WELDING Robs 
Fig. 1 shows welding rod steel that is practically free from 


imetallic inclusions. Fig. 2 is of welding rod _ steel that 
unsatisfactory on account of the large number of 


1S 
nonmetallic 
‘nclusions. When the dark areas are examined at higher magnifi 

tion they are seen to contain small slag particles. 


Welding rods 
quality illustrated by Fig. 2 are quite common but the better 
yuality material can be made and tons of welding rods of high 


ourity are consumed every month. Flame melting tests have been 


‘ig. ‘l—Photomicrograph of a Polished but Unetched, Good Quality Welding 
x100. Fig. 2—Photomicrograph of a Polished but Unetched Poor Quality 
lding Rod, x100 


] ‘ 
dey 


ised that will discover the steel containing nonmetallic inclu 
sions and dissolved or occluded gases. One such test that is 
‘ften applied, is to place the welding rod in a horizontal position 
and pass a welding flame of suitable size over its length at such 
uniform rate as to melt half way through the rod. It should melt 
ind flow together evenly without boiling or throwing off sparks 

the steel contains gases the metal upon solidifying will be ot 
ongy appearance. he ‘dirt’ contained in the steel can be 
served during the melting, as it reflects more light than the metal 


nd appears as brilliant white spots or lines. When such inferior 





TRANSACTIONS OF 


470) IMERICAN SOCIETY FOR STEEL TREATING 


rods are used it is difficult to prevent the inclusion of impu 
and gas pockets in the weld. 


LOW-CARBON STEEL \\VELDING 


At present most steel welds are made with rods ot 
lowing composition :* 


Carbon—Not ove: 0.06 of one per cent 
Manganese—Not ove! 0.15 of one per cent 
Silicon—Not over 0.08 of one per cent 
Sulphur—Not over 0.04 of one per cent 
Phosphorus—Not ove 0.04 of one per cent 


Rods of other compositions are also available and = sonx 
them will be described later in this paper. 


The tensile strength of a double V weld, properly mac 
'2-inch plate with a low-carbon steel rod is about 52,000 pou 
per square inch, but experience has shown that without knowledg 
care and skill, a weld of this strength will not be obtained 
is quite necessary that sample welds be tested, because many 
welding operators permit imperfections in their work and do not 
know it. A simple test is to place a specimen in a vise with 
center of the weld at the top edge of the jaws and to hammer 
until fracture occurs. Inspection of the fracture will reveal th 
nature of any defects and by practice and repeated tests the faults 
may be overcome. The ability of each welder should be tested 
in this way, or better, by pulling the welds in a testing machine 
before he is permitted to do important work. Occasional tests 
should be required to prove that a proper standard of efh 
ciency is being maintained. This point may be illustrated b) 
results recorded in Table 1, of a series of tests of welds mac 
on consecutive days. 

This example is entirely typical of a welder with considerable 
experience, unknowingly doing poor work and making almost 
100 per cent improvement once his mistakes are demonstrated 

A series of experiments were recently carried out to determine 
the physical properties of weld metal. Blocks of metal wer 
deposited so that test specimens about 4x3¢x114 inches could 
be machined out, and the results as shown in Table II were 


2. Welding Wire Specifications and Folios, American Welding Societ i 
No. 2 
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tained in testing the untreated material 

In this table the results for tensile strength compare fa 
ably with those obtained in testing annealed low-carbon steel. 
the elongation and reduction of area are not so good as in r 
plate. It is of interest to note that in tests of welds mac 


Table I 


Tensile Tests of Single ““V” Welds 
Each Value is the Average for 5 Tests 
Ultimate Elongatio 
Day Tensile Strength Per Cent 
Welded Pounds per Square Inch In 2 Inch 
Ist 27,000, equivalent to strength 3.2 
obtained by single riveting 
2nd 37,500 
3rd 43,200 
4th 46,100, equivalent to strength 
obtained by triple riveting 


similar materials with a given type of rod, that elongation and re 
duction of area vary with the tensile strength while in rolled 
inaterial one usually increases as the other becomes less. 

In Fig. 3 the darker material near the center is filled-in weld 
metal whose grains are relatively coarse. The structure of th 
hbase metal adjacent to the weld has been coarsened by the hig': 


Table II 


Tensile Tests of Weld Metal Deposited with Oxyactelylene Flame 
Pounds Per Square Inch Elongation Per Cent 
Specimen Yield Tensile Per Cent Red 
Number Size Point Strength In2Inches’ of Area 
l 1.483 x .366 36,000 49,100 29.0 26.9 
2 1.503 x .386 32,300 53,500 36.0 41.0 
3 1.507 x .381 37,000 50,800 32.0 35.9 
Average 35,100 51,100 32.0 34.6 


temperature attained at that point. It may be observed that the 
structure of a portion of the weld metal and surrounding bas 
metal has been refined when the second side was welded. -\1 
distance from the weld of about 3 times the base metal thickness. 
a temperature has been reached which was just high enough 
refine the base metal grains. This is the point of greatest ductility 
and of lowest strength of base metal. Tensile test specimens 
often break in this zone. 

Fig. 4 shows the structure of low carbon steel weld mets 
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Chis material is similar in structure to a steel casting, and 1s prac 
cally. carbonless. -The scattered small black dots throughout the 
area are believed to be ferrous oxide. 

Experiments have been made in annealing low carbon steel 
welds. in which it was found that a temperature of 1750 degrees 


Fig. 4—Structure of a Low Carbon Steel Weld Metal. This Material is similar 
in Structure to a Steel Casting and is Practically Carbonless. The Small Black Spots 
are Believed to be Ferrous Oxide, x100. Fig. 5—Structure at Junction of Nickel 
Steel Weld Metal, at Left, and Coarsened Low Carbon Steel Parent Metal, at Right 
This Lacy Structure is Characteristic of a Nickel Steel Weld Metal, x100. 


Kahr. was required to ‘refine the grains. This. high temperature 
coarsens the base metal and to obtain good structure throughout 
the section a second annealing at 1450 degrees Fahr. is required. 
\nnealing does not increase the weld strength but does make 
some improvement in ductility. 

An outstanding feature of recent development in low carbon 
steel welding is the success attained in welding steel and wrought 
iron pipe. Until rather recently only a limited amount of steam, 
oil, gas, and water carrying pipes were welded. Studies have 
shown that the welding is not only less expensive than other 
methods of installation in first cost, but that it has a tremendous 
advantage due to the avoidance of leakage with its attendant loss 
of product and expense for repair and damage. Because the 
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screw joint weakens the pipe at the thread, and flanges or . 
joints are loosened by strains or vibration, it is not unus 
have a loss of 10 to 20 per cent of fuel gas or illuminati: 
by leakage from lines having such joints. Leaking gas a 
brings to mind the hazard of carbon-monoxide poisoning. \\. 
oil carrying lines do not require frequent inspection, and 
need for line walkers is largely eliminated. 

The advantages of these pipe welding applications have | 
welding of high pressure steam lines and success has attend 


Table III 


Chemical Analysis of Rods and Welds 

Per Cent Per Cent Per Cent Per (: 
Carbon Manganese _ Silicon Nickel 

Low Carbon Steel Rod 0.07 0.15 .007 

Weld made with it 0.05 0.10 .004 

Medium carbon steel rod 0.24 0.41 .043 

Weld made with it 0.08 0.32 .004 

Nickel steel rod 0.24 0.62 0.21 

Weld made with it 0.12 0.36 0.03 


efforts. The basis of this success was the testing of work 

by the welders. Before a recent installation of a 21-inch weld 
steam line to carry 165 pounds pressure, the operators were 
quired to weld around a joint which was later tested by cuiti: 
in strips across the weld and breaking it in the tensile machine 
surprising result of this test was that the specimens from the 
hottom of the pipe where overhead welding was required, wer 
better than from other parts of the pipe. The explanation fo 
this is that a relatively small flame must be used for overhead 
welding and better opportunity was given for careful work an 
the avoidance of overheating. 


MEDIUM CARBON STEEL 


lt is sOmetimes recommended to weld medium carbon  stee! 
with medium carbon steel welding rods but tests as to strength 
of weld have shown no advantage over welds made with low 
carbon rods. As illustrated by Table III, the weld metals 
tained from the two rods are of practically the same chemical 
composition. 

The loss of carbon is less with the nickel steel and a stronge! 
weld is obtained when it is used. Fig. 5 illustrates the structur 
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the junction of nickel steel weld metal, at the left. and the 
irsened low carbon steel parent metal, at the right. This lacy 
structure is characteristic of a nickel steel weld metal. The junc- 
tion of two types of structure affords an excellent opportunity to 
hbserve the method of intermingling of the two metals by the 


growth of grains across the boundary. 


\n objection sometimes aimed at welding is: ‘“\Well, the 
tensile strength is all right but the elongation and contraction are 
low. What will happen when the weld is subjected to bending 
ind alternating stresses?” The average tensile strength of a well 
made low carbon steel weld is 52,000 pounds per square inch and 
the average reinforcement is 20 per cent of the plate thickness, so 
that the available strength of the joint is 60,000 pounds per square 
inch of plate section. Most low carbon steels are of less strength. 
if greater weld strength is desired rods of special composition 
will produce a weld of 58,000 to 60,000 pounds per square inch 
of plate, and reinforcement will still further increase this figure 
to about 70,000. pounds per square inch as referred to base metal 
thickness. Inherently and by reason of the reinforcement, the wel: 
is also stiffer than the plate metal, so that bending stresses are 
resisted by the weld and bending occurs in the adjoining metal a; 
illustrated in Fig. 6. 


These are single “V” welds in '% inch low carbon steel plate 


with the standard low carbon steel welding rod. These 1% inch 
wide strips were cut from the welded material and bent at the 
weld by holding in a vise and striking with a sledge hammer. 
When this bending was carried as far as possible the specimens 
were brought to the form shown by steam hammer blows. At 
irst, most of the bending was outside the weld but in this case 
the heavy blows forced the weld to bend to about a '%-inch 
radius. In a recent valuable paper * describing extensive investi- 
vations of endurance properties, it was pointed out that endurance 
properties are definitely related to tensile strength and that for 
many uses too much importance has been given to ductility. In- 
crease Of tensile strength increases the resistance to fatigue failure. 
Since the weld can and should be made of greater strength than 
the metals joined, high resistance is offered to alternating and 

D. J. McAdam, Jr., American Society for Testing Materials, Proceedings, 192% 


led “Endurance Properties of Steel: Their Relation to Other Physical 


Properties and 
(Chemical Composition ve 
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other stresses and should the use require ductility ‘it will by 
tained from the material surrounding the weld. 

As has many times been pointed out, a weld is only a 
ing, but there are certain differences from most castings. 
weld metal is molten only an instant. Time is given for impurities 
to float to the surface, and then the blowpipe is advanced and 


{ 
t 


Fig. 6—Bending Tests of Welds, Actual Size. 


metal freezes. The volume of melted metal is so small that solidi 
fication occurs before extensive dendritic structures have had time 
to form, and therefore some of the objectionable features that are 
associated with steel castings are not encountered in welds. 
Those engaged in the art of heat treating are familiar with 
the effects of sonims and other imperfections on the quality of the 
steel they use. The welding engineer is also deeply concerned with 
the problem. The quality of base metal has a decided influence 
on the weld obtained. There is a certain amount of intermingling 
of the base metal and filling rod metal, as both are melted to 
gether to form the weld. If slag particles of the base metal ar 
numerous there is a tendency for films of oxide to he formed 





PESTING OXYACETYLENE WELDS 


177 


the grain boundaries at the junction of weld and_ base 


and also at times lines of oxides are found deposited in the 
temperature ferrite grain boundaries of the base metal ad 
to the weld but not melted during welding. This oxide 
no doubt dissolved by the metal when at high temperature and 
cted to the grain boundaries during cooling. Steel containing 
vases is especially objectionable when used in the form of sheet 
etal for welding. Porosities are formed by gases that escape dur 
solidification of the melted steel. 


STEEL FORGINGS 


lt is impossible to formulate rules for welding of steel forg 
ings that will be of general application. The following must be 
onsidered : 
1. The chemical composition 
2. The stresses the metal at the weld must endure 
3. Possibility of heat treatment 


lt should be kept in mind that the metal near the weld is 


heated and the extent of the effect depends upon the temperature 
attained and the length of time at that temperature. 


This heating 
ay create a structure less desirable than the original and_ will 
ertainly produce a difference between the structures of the 
weld and surrounding metal, and the remainder of the forging. 
lt the weld is required at a point where only small stresses will 
applied to the part in service, welding of course is permissible. 


li suitable heat treatment can be economically applied to the 


velded forging structural uniformity will be regained. 

\ use of the oxyacetylene process that 1s becoming of increas 
ig importance is the cutting of steel forgings, by which, in a 
wide variety of instances great savings are made by reduction of 
he amount of machining necessary to complete the part. 

Fig, 


7 is a macrograph of section of a forging 5 inches 
ck after cutting with the oxyacteylene cutting blowpipe. The 
structure of the darkened area on upper side of picture, has been 
itered by the heat incident to cutting. 


This area is less than 3/16 
hes in depth. 


Further investigation of this material shows that 


nnealing removes the difference of structure. Researches have: 
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developed the following information: 

1. Steel containing less than O4O per cent carbo: 

be cut accurately and smoothly without difficulty 
any sort, and with great saving of time and ex, 

2. Preheating to about 800 degrees Fahr. is advi 
when the carbon content is above O4O per cent, for if 
the steel happens to be of poor quality small cracks may 
occur unless this precaution is taken. 


HiGghH CARBON STEEL 


As the carbon content of steel becomes greater the metal i, 


more easily overheated with attendant difficulty in obtaining high 


~ 


Fig. 7—Steel Forging Cut by Oxy-acetylene Blowpipe, taken at nearly full 
The Structure of the Darkened Area on Upper Side has been Altered by the H: 
Incident to Cutting. 


strength welds. A capable welder will not ‘burn’ steel containing 
0.90 per cent or less carbon. Fig. 8 shows the structure of a 
1.10 per cent carbon steel that has been welded. The ‘burnt’ are: 
shown was on the bottom side near the weld. The black line 
at the grain boundaries show the burning. They are really cracks 
The top of the specimen was enveloped by the welding flame and 
protected from oxidation. 

An important welding application to the higher carbon 
steels is filling up to original form of areas that have been worn 
By correct selection of welding rod, the repaired portion is 


quently made more resistant to wear than the original metal 
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Fig. 8—’Burnt’’ High Carbon Steel. Near Weld. The Burnt Area Shown at 
Bottom of the Photomicrograph, x100. Fig. 9—Welded High-Speed Steel Tool 


Tip, x435 Most of the Carbide Particles are Small and Widely Distributed 


‘rom the standpoint of welding, alloy steel may be classed with 
forgings. There are many instances where the process may be 
used to advantage and others where it would be a mistake to 
employ it. The use of the steel part, its composition, adaptability 
to heat treatment, the point at which welding is applied, etc., all 
have a bearing on the decision of suitability for welding. In many 
cases a rod of the same composition as the steel to be welded may 


be used to advantage. 


HIGH-SPEKD STEEL 


lt is sometimes practicable to make special high-speed tools 

by the oxyacetylene welding process. Where extra strength of 
tool is required or a type of tool that is used only occasionally 
is needed, a mild steel shank may be machined out at the end, 
carborundum mold placed around it and high-speed steel rod of 


ual composition melted in by the blowpipe. Such a tool may be 
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forged, quenched and tempered 

Fig. 9 shows the structure of the metal in a welded ‘hig 
speed tool tip. Most of the carbide particles are quite small and 
widely distributed. The ground mass appears to be troos 
Traces of austenitic grain boundaries obtained in hardening 
remain in the tempered tool. 


MANGANESE STEEL 


So far as is generally known, welding of manganese ste 
has never been thoroughly investigated. The following photomicro 
graphs will serve to give an idea of what occurs when welding 
done. Fig. 10 shows the structure of weld metal obtained. It i. 
made up of large grains of dendritic form. The structure show 
in Fig. 11 is of the base metal 1/8 inch from the weld. The 
heating of the metal has caused marked grain growth to occu 
Fig. 12 is of same location as Fig. 11, but at higher magnification 
The grains are of martensitic appearance. Thin films of iron 
or manganese carbide can be seen between some of the grains 
Fig. 13 shows the structure of the weld metal. Grains that 
appear to be martensite are surrounded by carbide films, and 
splotches of carbide are scattered throughout the section. Fig 
14 is of weld metal after heating to 1050 degrees Cent. and quench 
ing in water. Carbides are absorbed, large grains have beet 
broken up and much of dendritic structure ‘removed. 

The valuable properties of manganese steel are developed }) 
quenching from a high temperature which produces an austeniti 
structure in which the grains should not be large. The austeniti 
manganese steel is easily converted to a martensitic conditio1 
Relatively slight cold work as in the passage of locomotive and 
car wheels over a manganese steel frog will harden the stressed 
surface and not affect the remainder of the material. As the su 
face wears away new metal is stressed and hardened. The body 
of the metal then is strong and tough and wearing surface hard 
[t is also more susceptible to heat treatment than other steels 
This is illustrated by the rapidity of grain growth, and the eas 
of formation of martensite and carbides. 


Welds made in 3/8 inch thick manganesé steel with manganes 
steel rods containing 1.25 per cent carbon and 13.00 per cent 
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ig. 10—Manganese Steel Weld Metal, x100, Showing Dendritic Formation. Fig 

Manganese Steel Base Metal, Near Weld, x50. The Heating of the Metal has 
ised a Marked Grain Growth. Fig. 12—Same as Fig. 11 at, x425. The Grains ars 

Martensitic Appearance. Fig. 13—-Manganese Steel Weld Metal, x425. Grains 

ear to be Martensitic Surrounded by ~Carbide Films. Fig. 14—Heat Treated . 
ranese Steel Weld Metal, x50. Quenched in Water from 1050 Degrees Cent 
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manganese, were tested by clamping in a vise and bending by 
mering. The results recorded in Table IV were obtained. 
These foregoing tests and photomicrographs indicat: 
where strength and resistance to shocks are required, the « 
weld containing article of manganese steel should be heat 


1050 degrees Cent. and quenched in water. Evidently 1000 ck 


Table IV 
Bend Tests of Welded Manganese Steel 
Kind of Heat Angle of Bb: 
Test Flame Treatment Before fractu 
l Excess Acetylene As welded Zero degre: 
2 Neutral As welded 25 degrees 
3 Neutral One-half hour at 75 degrees 


1000 degrees Cent. 
Quenched in water 
at room temperature 
4 Neutral Same as 3. Then %- 
hour at 1050 de- 
grees Cent., again 
quench in water at 
room temperature 


~ 
‘yt 


degrees 


Cent. is not high enough temperature for best results. M 
manganese steel absorbs carbon very readily and the elimination 
carbides and formation of austenite become more difficult as th 
carbon content increases. It is the practice of many welde: 


use an excess acetylene flame for manganese steel welding, but th 


neutral flame is preferable. The analyses shown in Table 
Table V 
Manganese Steel Analyses 
Kind of Per Cent Per Cent Per Ce 
Flame Material Carbon Manganese _ Silico: 
Neutral Welding rod 1.10 11.50 O8 
Weld metal obtained 1.00 9.60 05 
Excess 
acetylene Welding rod 1.17 15.62 0.52 
Weld metal obtained = 1.52 13.48 0.21 


dicate the effect of welding on the composition of manganese st 
Since the best properties of manganese steel are not obtai 

with less than 11.00 per cent manganese the rod should conta n 

) 


less than 13.00 per cent manganese to compensate for the 2 
cent that is lost during the welding operation. 


The addition by welding of manganese steel to other 
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t satisfactory, for at the weld junction there is diffusion be 
the weld metal and the base metal and a gradient of man 
se content from about 11 per cent to less than 1 per cent will 
med. Some of this junction zone will be weak and brittle, 
irdless of the treatment applied. For satisfactory results in 
l\ding manganese steel, the following should be kept in mind: 
1. A neutral welding flame should be used. 
2. Welding rod should contain at least 13.00 per cent 
manganese. 
3. The entire welded part should be quenched rom 
1050 degrees Cent. in water, in cases where service re 
quires high strength and res'stance to shocks. Where 
service requires only compressive strength or resistance 
to wear, heat treatment is unnecessary. 
4. Red hot manganese steel is very brittle and 
articles during welding should be supported in such a 
manner as to avoid setting up strains that might cause 
cracking. 


Cast IRON 


One of the important applications of oxyacetylene welding is 
the repair of cast iron parts. The principal reasons for the wide 
use of this method are: 

1. The joint obtained is of high quality. 

2. The weld and adjoining metal are machinable. 

3. The welding repair, in addition to costing much 
less than a new casting, is usually important because 
of the time saved. Frequently a weld can be made and 
the broken part placed in operation in a fraction of the 
time required to secure a new part. Many foundries 
are enabled to hold to high rate of production and _ eff- 
ciency of operation because of the aid of oxyacetylene 
welding in reclaiming defective castings. This is a 
practice which should be highly recommended because 
quality of welded castings is satisfactory and the opera 
tion is without harmful effects. 


(he macrograph shown in Fig. 15 is of a weld in gray iron. 


re are no blowholes or oxide films, and the weld metal is 
coarse than the original metal. Transverse tests of numerous 
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Fig. 15—Weld in Gray Iron, x2. Etched with Copper Ammonium Chloride 
16—Photomicrograph of Gray Iron Weld Metal, x100. Fig. 17—Photomicrograp 
Gray Iron Casting, x100. Fig. 18—Photomicrograph of Gray Iron Weld Metal, 
Showing Graphite, Lamellar Pearlite and Ferrite, There Being No Free Cementit: 


cast iron welds show that it is difficult to cause the break to 
through the weld, which proves that the weld is stronger than 


original metal. 
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[he reason for greater strength in the weld may be explained 
by reference to Figs. 16 and 17. The graphite in the original metal 
in the form of large plates or flakes which weaken and en- 
brittle the cast iron. The graphite in the weld is of smaller amount 
and in smaller plates more rounded in form. The weld also con- 
tains a greater proportion of pearlite. Fig. 18 shows the weld 
metal structure in greater detail. It is made up of graphite, 
lamellar pearlite and ferrite, there being no free cementite. 


The obtaining of good quality, machinable welds requires the 
use of knowledge gained perhaps in other phases of heat treatment. 
lhe hardness of carbon steels is profoundly affected by the 
rate of cooling and the same is true of cast iron. Provision must 
be made for slow cooling. Burying in lime or sand is an aid. If 
the weld is small and the part welded large, heat will be conducted 
rapidly away from the weld and chilling will occur and some 
preheating is frequently necessary to avoid this rapid cooling. 


An important factor of successful cast iron welding is the 
employment of correct preheating. Where the parts are free to 
expand, preheating is unnecessary. Welding of a broken lug is an 
example of repair in which preheating is not required. Where the 
weld is surrounded by metal the expansion due to local heating 
will cause cracking. The same rules as apply in other heating 
should be employed. Heat slowly and uniformly, make the 
weld and cool very slowly. In some cases where the part con- 
tains sections of widely different area, welding should be followed 


by a second heating to a uniform temperature before cooling is 
hegun. 


Other important considerations are the use of correct welding 
rod and suitable flux. The influence of the various elements of 
gray iron composition are fairly well understood. To avoid hard- 
ness of weld metal, cast iron welding rods should be of high 
silicon content, and sulphur should be relatively low. Thus, 
graphite is precipitated rapidly and free cementite avoided. <A 
proper flux combines with the slag, which is viscuous due to a 
high proportion of silicon oxide, and forms new slag that is thin, 
easily. fusible, and readily floated to the surface of the weld. The 
cause of most blowholes in cast iron welds is the failure to float 
minute impurities to the surface. Careful microscopic examination 
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will show that where blowholes are permitted to form, a slag 
ticle is the root of the evil. 
Brazing of cast iron with manganese or Tobin bronze is 1) 
ing with increased favor. The advantages of this method are 
1. The parts can be joined at lower tempera: 
than is required for welding with cast iron rods. Ther 


re 


fore brazing requires lower temperature preheating 
2. The joint obtained is stronger than the cast 

The methods of preparing cast iron for brazing are simila; 
to the preparation for welding. Flux is used to clean the suri 
and when the cast iron is heated to a dull red color the braze 


be made and a good junction obtained. 


iC 


can 


VARIOUS WELDING APPLICATIONS 


White iron also can be satisfactorily welded. Welding rod- 
of white iron composition should be used. Because of the brittle 
ness of white iron, and its greater shrinkage than gray iron, eve 
greater preheating precautions are required for white iron thu 
for gray iron. 

In addition to the uses to which reference has been mace, 
oxyacetylene welding is successfully applied to the following 
metals: aluminum, copper, nickel and monel metal, and bronzes 
and brasses. Malleable iron should not be welded, but can |x 
brazed successfully. 


(ONCLUSION 


It has been the purpose of this paper to point out briefly som 
of the applications of welding and to emphasize the dependability 
of the process. A study of the rapid growth of welding and 
crease of its application leads one to the conclusion that the oppor 
tunities it offers for increased industrial efficiency are great. 

A knowledge of metallurgy and heat treatment 1s necessar) 
for proper understanding of the art, and members of this Societ) 
are especially fitted to appreciate the fundamentals of welding and 
its application to individual plants. It has been pointed out man) 
times that actual locs results from failure to take advantage 0! 
the opportunities offered by this Society to aid in keeping pac 
with progress in heat treating knowledge and methods, and in | 
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way it is unquestionably true that present day industries can 


fford to neglect the savings offered by modern welding methods 
Although it-is true that heat treaters might well make greater 
of welding, to an even greater degree the welding industries 
‘re in need of the interest and advice that you gentlemen are able to 
ve. on account of vour knowledge of the action of metals under 


igh temperatures. 
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THE SEASONING OF STEEL 
By W. P. Wood 


Abstract 


it is the custom of some manufacturers to age castings 
and forgings for a period of months in order to pro- 
duce a more ductile metal. Speculation as to what other 
effects such a seasoning might produce in steel and iron 
lead to the test which is described in the paper. Briefly 
Speaking, the experiment consisted in comparing the ten- 
sue properties of several varieties of unhardened steel 
before and after an exposure of one year to the varying 
temperature of the atmosphere. As might be expected, 
there was noted an increase in ductility and further than 
that, the alloy steels carrying noncarbide forming special 
elements such as nickel and silicon appeared to exhibit a 
decrease in tensile strength. The writer is not presenting 
this paper as a finished piece of work, but largely to 
ascertain through discussion or comment whether ther 
is any unpublished data which may have a bearing upon 
the question in hand. 


ONSIDERABLE interest has been evinced recently in what 
& might be termed the low temperature phenomena of iron 

and steel. By this is meant any changes which take plac 
in the metal after it has been cooled either rapidly or slowly to a 
temperature well below the familiar critical ranges. That mam 
such changes do occur has been demonstrated by several investi 
gators and this work was thoroughly summed up by Dr. Jeffries 

The writer would suggest that those interested in this matte 
refer to Dr. Jeffries article as a starting point. 

It has been a generally accepted opinion that these changes 
are the result of an attempt on the part of the metal to reach 
state of equilibrium after heat treatment. The physical evidences 
of these changes include a gradual evolution of heat, dimensional 
changes, changes in physical properties, and so forth. It should 


1. Transactions, American Institute of Mining and Metallurgical Engineers, Vol. LXV1! 
page 56. 
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e made clear that most of the changes have been noted in recently 
rdened steel rather than steel in the annealed condition. 

It, however, would be hard to say just where this readjustment 
ceases, because we are limited by the delicacy of the means of 
measurement at our command. 

The writer’s interest was first aroused in this connection upon 
earning that it is the custom of some manufacturers to “season” 
iron and steel, particularly castings, before or after the final shap 
ing and heat treatment. Probably the best example of seasoning 
is found in the manufacture of gauge blocks. Here, one of the 
absolute essentials is permanence of dimensions, and some form 
‘f seasoning is the only means which will bring this condition about 
in the metal. In general an artificial seasoning treatment involves 
alternate exposures of the metal to high and low temperatures 
within the range -10 to 212. degrees Fahr. Mm. 3 
french? has given a clear description of some seasoning treatments 
carried out at the U. S. Bureau of Standards. One striking thing 
about these treatments is the rather elaborate procedure and_ the 
length of time which is required to produce a state of rest in the 
steel. One point of interest which Mr. French mentions is the 
tact that the seasoning treatments do not affect all steels in the 
same degree. One also would infer from his results that per 
manence is more quickly secured in a_ steel carrving a_ high 
chromium content. 

here seems to be no available data concerning the effect 
‘i seasoning upon all the physical properties of steel. Reinhardt 
and Cutler’ found that the ductility of a steel carrying 0.49-0.55 
per cent carbon was distinctly improved upon resting the heat 
treated steel at room temperature for various lengths of time 
subsequent to machining. Such a treatment constitutes a type of 
seasoning. Reinhardt and Cutler note a tendency to an increase 
of tensile strength while the ductility is increasing rhis effect 
was not very marked however. 


In order to satisfy his curiosity as to the effect of alternating 
temperatures over the range mentioned, upon some types of steel, 
the writer carried out the experiment which is reported in this 
paper. He has hesitated somewhat*in presenting the results ob- 


Chemical and Metallurgical Engineering, Vol. 25, No. 4, page 155. 


3. Bulletin, American Institute of Mining and Metallurgical Engineers, No 
09] 
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tained, for they seemed most peculiar and his main purpos: 
now presenting them is to ascertain through discussion and critic; 
whether or not there is any positive evidence which will settle 
question one way or the other. If the physical tests had be. 


made with less care the question would probably not be worth c 
sidering. 


PROCEDURE 


Simply stated, the experiment consisted in making ten: 
tests upon several steels before and after an exposure of | 


Ve 
, Table I 
Steels Used in Seasoning Test 
—— Analysis— 
Car- Sili Man- Sul- Phos- Chro- Vana I 
bon con ganese phur phorus mium_ Nickel dium st 
et Type of Per Per Per Per Per Per Per Per P 
ter Steel Cent Cent Cent Cent Cent Cent Cent Cent ( 
\ S.A.E. 1010 .05-.10 30-.60 <.05 <.045 
R S.A.E. 1080. .75-.85 25-50 <.05 <.04 
| Nickel 0.29 0.55 0.035 0.04 1.48 
X Chrome 
Nickel 0.39 0.20 0.62 0.017 0.012 0.75 1.43 
I Chrome 
Vanadium 0.30 0.95 0.15 
S Silico- 
Manganese 0.53 1.87 0.75 0.016 0.017 
I High-Speed 0.65-0.70 0.2-0.3 0.2-0.3 2.90-3.10 0.95-1.05 17.51 


to the varying temperatures of the atmosphere. The range 
temperature variation owas from about —l10 to li 
degrees Fahr. The steels tested, with an indication of their analyses 
may be found in Table I. The steels used in this investigatio: 
were in the unhardened or “as received” condition. All samples 
were given a brief normalizing treatment to relieve strains. The r 
lative conditions of the metal may be noted from the original test- 
in Table II. 

The steel (which was 3/4-inch round bar stock) was cut int 
7-inch lengths which were machined to the shape of standard tes‘ 
pieces. The diameter was left a trifle greater than the requir 
0.357 inch, the final finishing being done with a file after t! 
normalizing treatment. In this way it was hoped that machinin; 
strains might be eliminated. Two of the finished specimens of ea 
type of steel were pulled immediately and the rest were plac: 
in shallow pans of cylinder oil which were located upon the ro 
of the chemistry building at the University of Michigan. 1! 
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s; of oil were covered by a wooden shelter which resembled 
iewhat an old fashioned chicken coop. By this means, water 
; prevented from directly entering the pans, but they were freely 

-posed to the atmosphere, and to the sun during a large part 


the dav. Enough samples were provided so that a few could 


Table Il 
Results of Se:soning upon Physical Properties of Steel 


Tensile Strengt! k.longatior 
Pounds per Per Cent 
Time of Test Square Inc 1.4" gauge 
Original 48,950 10.0 
50,000 35 
\fter 8 months 51,500 34 
36 
Original 0,000 12 
0,000 l 
\fter 1 vear 600 ] 
+400 ] 


Origina 75,000 
000 

\fter ] vear ,410 
,820 

Origin: 9,000 
000 

\fter 1 year 3.700 
195 

Origina 9 300 
\fter 1 year 000 
Origina 108.500 
108,500 

\fter 1 year 93,240 
99.450 

Origina 112,000 


\fter 1 Year 101,800 
102,300 


be pulled at intervals during the year, the last two heing pulled 
ne year from the day they were put into the oil 
The testing machine employed was a 100,000 pound universal. 


\ gauge length of 1.4 inches was used in making tests. 


RESULTS AND DISCUSSION 


In Table Il may be found the results of the tests. The elastic 
mit was not determined at first because it was not thought that 


uch change would be apparent in the tensile properties, since 


revious work had shown that the greatest change might be ex 
‘ted in the ductility. When it seemed after some months that 





er 
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there were changes taking place in the tensile properties, the ela 
limit was determined, but it was too late to make any systen 
comparison, 

As had been expected, a greater or less increase in duct 
was observed, except in the case of the low carbon steel.  \ 
little change of any nature was noted in this steel. The sam; 
which were pulled at the end of a year broke prematurely owi 
to some flaw in the metal, and manifestly erroneous values w 
obtained. This test therefore did not extend beyond the eig! 


Ae 


month interval. In the case of the O.8 per cent carbon steel th 
original reduction of area was so slight that it could not be cd 
termined accurately, but after a year the ductility had increas 
to such an extent that the reduction of area had become 19 
cent. 


The result which attracted most attention, was the apparent 
tendency on the part of some of the alloy steels to decrease i1 
tensile strength. When a close comparison was made it was noted 
that the steels which tended to show the decrease in tensile strengt! 
were the 314 per cent nickel, the chrome-nickel, the silico-manganes: 
and the high-speed steel. With the exception of the high-speed 
steel, all these steels are of the type wherein the alloying element 
are wholly or partially dissolved in the ferrite. The steels wherei 
there is the tendency to precipitate carbides did not seem to ex 
hibit marked changes.in tensile strength. The high-speed ste 
was an exception, but it is also true that this type of steel migh! 
show a variation from point to point in the original bar. 

It would of course be absurd to attempt to develop an ex 
planation of the peculiar behavior of the alloy steels until it had 
heen proven beyond a doubt that the condition exists. It is th 
writer’s intention to carry out another series of tests upon similar 
samples to obtain more complete information. 

Leaving out of consideration the changes in tensile strength. 
the results of the seasoning upon the steel are what might be ex 
pected, namely, an increase in ductility, and the practice of allow 
ing forgings and castings to rest out of doors for a period of se\ 
eral months in entirely justified in that the metal arrives closel\ 
at what might be termed a state of equilibrium. Dr. Langenberg 


4. Bulletin, American Institute of Mining and Metallurgical 
page 2935 


Engineers, \¢ 
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vgests that-.rehet of strain is responsible for the increase ol 
ictility but it would seem that there must be some constitutional 
inges also involved, particularly if tensile strength is affected 


SUM MAR\ 


[he natural seasoning or aging of steel is justified in- that 
e ductility of the metal is increased and a state of rest more 
nearly approached. There seems to be a difference with regard 

changes in tensile properties in the behavior of the alloy steels 
vhen subjected to natural seasoning. The alloy steels which ex 
ibited the greatest change during this test were those which 
carried one alloying element in solution in the ferrite. 


[he whole investigation has raised a question upon which 


there seems to be very little data, namely, what happens to the 
physical properties of various steels in service ? 
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CASE HARDENING AND OTHER HEAT TREATMENT’ 
AS APPLIED TO GRAY CAST IRON 


By H. B. Knowlton 


Abstract 

his paper describes certain experiments which 
were conducted in heat treating gray cast iron, after «a 
report had been recewed that gray cast iron could some- 
times be “case hardened” with commercial success 
Some of the treatments used are similar to those used 
in case hardening steel. Several other schemes of heat- 
ing and cooling were employed and are described. It 
was found that under certain conditions that gray cast 
iron ceuld be made much tougher in the center and at 
the same time be given a hard surface. 


OMETIME ago the writer was informed that gray cast iro 
S had been case hardened with commercial success. It was 

said that a certain firm had measurably increased the strength 
and wearing qualities of certain gray iron castings, by applying 
the treatments commonly used in case hardening steel. After this 
process, the castings were said to be fairly machinable in spite o| 
their increased resistance to wear. The method was considered 
success as long as it was applied to castings made by one foundry, 
but it failed on castings made in another foundry. Evidently th 
composition of the iron had a great deal to do with the succes: 


or failure of the method. The composition, however, of neithe: 
was known definitely. Both were simply classified as “gray iron.” 


The writer does not know how much has been done along this 
line, but so far has found nothing published on the subject. Con 
sequently the research described in this paper was started. No 
claim is made that the paper is a complete exhaustive treatise on 
the subject. It merely attempts to give the status of the writer: 
research up to the present time. Criticisms, comment and sug 
gestions are invited. 

Upon casual consideration, case hardening of gray cast iro! 
did not seem feasible to the writer, and yet it was claimed that 


A paper presented before the annual convention of the Society, Pitts 
burgh, Oct. 8-12, 1923. The author, H. B. Knowlton, is_ instruct 
in metallography and heat treatment, Milwaukee Vocational school, M:! 
waukee. Written discussion of this paper is invited. 
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d results had been so produced. A gray cast iron obviously 
coutains more carbon than can be retained in the combined condi 
How then, could heating in a carburizing material increase 
carbon content of the surface? The writer’s only experience 

th cast iron heated in contact with a carburizing material, con 
sisted in the use of cast iron pots and boxes used as containers 
1 the carburizing process. It is a well known experience that 
uch boxes “grow” on repeated and continued heating. This 
ould be explained on the assumption that any combined carbon 
originally in the casting, decomposed into free graphite and free 
ferrite. The writer knew of no reason for assuming that carbon 
was combining with the iron during this process. \Vhy_ then, 
were increased wearing qualities produced by “case hardening ?” 
\Vas the function of the carburizing material simply to prevent 
xidation? Did the quenching treatment merely harden whatever 
pearlitic areas there were in the original casting, or did some of 
the carbon in the casting or the carburizing material actually 
combine with the iron? Was the process similar to the production 
of chilled castings? If not, could any advantage be claimed for 
“case hardened” castings over the more common clilled castings ? 
\Vould they have any advantages over malleable castings? These 


are some of the questions that the author has started to investi 


gate. 


MATERIAL 


The experiments, herein described, were conducted on samples 
cut from three sand cast test bars of the following chemical com 
position. 


Bar No. | Bar No. 2 Bar No. 3 
Silicon 2.12 2.41 2.49 
Sulphur 073 073 107 
Manganese 72 59 63 
Phosphorus 367 635 


[hese bars were about 1 inch square and were cut into samples 


inch thick, with the exception of two samples, hereafter 
mentioned, which were 3/8 inch thick. 

Each sample was given the number of the bar from which 

was cut, and in addition was given an individual letter. Thus 
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samples 1A and 1B are the first and second samples respect 
from bar No. 1. 


First SERIES OF TESTS 


Four samples each from bars 1 and 2 were packed in p 
with an ordinary carburizing material such as commonly used 
case hardening steel. Two samples from each of these bars w 
packed in sand in another pipe. The ends of this pipe were py 
tected from outside oxygen by thin layers of charcoal. All of | 
pipes were sealed with fire clay, placed in a hot furnace and rw 
for three hours at 1700 degrees Fahr. At the conclusion of th; 
heat they were given different treatments described in the 
tables. Four other samples from each of these bars were heat 


treated in the open furnace as described in detail in the tables 


SECOND TEST 

After studying the results of these tests another series of test: 
were run. In this test, four samples from bar No. 3 were packe 
in a pipe with a carburizing material as before, and run for & 
hours at 1700 degrees Fahr. This pipe was placed horizontall 
in the furnace. Towards the end of the heat it was noted t! 


Ll 


lal 
the seal was leaking. This may explain some of the results met 


tioned later. Another sample from bar No. 3 was placed in tly 
middle of a ball of fire clay, and heated in the open furnace for 
3 hours at 1700 degrees Fahr. At the conclusion of this time 11 
was allowed to cool slowly in the furnace. 


Tests ArTrerR HEAT TREATING 


After heat treating, the specimens were all cleaned and teste’ 
under the Shore scleroscope. The Brinell method was tried o1 
one or two, but it was found that the samples were too brittle fo. 
this test. All of them which could be cut with a hand. hack.'saw 
were so sectioned. They are listed in the data tables ‘as hard o1 
soft on the basis of their ability to be cut with a hack saw. [li 
specimens were placed one at a time in a vice and struck with 
3-pound hand hammer. This was given as a crude test of thet 
toughness. All of the samples were polished and examined und 
the microscope both before and after etching with picric acid 
One sample from each bar went through all of these tests in th 
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d-cast;-untreated: condition. The results are given in the data 
bles. and in the text following. Some of the more interesting 


croscopie structures were photographed and are shown herewith 


RESULTS 
Hardness 


lt will be noted that all specimens quenched trom tempera 
ures above 1500 degrees Fahr. were too hard to saw and showed 


cleroscope reading above 55 


loughness 
(he most startling thing about all the results was the extreme 


-ariation from great toughness to great brittleness on the different 


Data Table I 
Heat Treatments and Results on Samples from Bar No. 1 
Sample Heat Treatment Hardness 
Shore Saw 
1A Sand cast: no treatment. 45 Soft Brittle 
1B Carburized 3 hrs. cooled slowly 40 Soft Britth 
i Carburized 3 hrs. cooled slowly; 
reheated to 1500°F; quenched 
in water ara ik 9 Hard 
Carburized 3 hrs. quenched in oil 
directly , 7§ Hard Britth 
Carburized 3 hrs. quenched in oil; 
reheated to 1500°F; quenched in 
water. Hard Brittle 
Heated 3 hrs. at 1700°F in sand; 
quenched in oil 2 Fairly Hard Brittle 
Heated 3 hrs. at 1700°F tn sand; 
quenched tn water 2 Fairly Hard Brittl 
Heated to 1700°F in open furnace; 
quenched in water 7 Hard 
Heated to 1700°F in open furnace; 
quenched in oil Hard Britth 
Heated to 1420°F in open furnace; 
quenched in water Soft Brittle 
Heated to 1500°F in open furnace; 
quenched in water. Hard Brittle 


Toughness 


Fairly tough 





pecimens. The samples which were tested in the sand cast con 


‘ition were all easily broken. Unfortunately there were no available 
means of making quantitative shock tests on specimens of this size 
“imply testing by placing the specimen in a vice and hitting with 
 3-pound hand hammer, is so crude that it is difficult to describe the 
esults. Suffice it to say that the only ones which could be called 


tough at all were the ones which were heated in the carburizing 





TS 
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material, slowly cooled, reheated to 1500 degrees Fahr. and que: 
in water. All of the specimens so treated showed some resis' 
to the hammer. The most startling variation was found bet, 
specimens 3C and 3G. Both of these were slabs 3/8 of an inch | 


trom the same bar. Specimen 3G was in the sand cast condit 


while 3C had been carburized, cooled, reheated and quenched. 
former was broken by one hard blow of the 3-pound han 
while 3C could not be broken by numerous blows. A 3/32 


Data Table Il 
Heat Treatments and Results on Samples from Bar No. 2 


Sample Heat Treatment . Hardness Toughnes 
Shore Saw 

2A Sand cast; no treatment. 45 Soft Brittle 
2B Carburized 3 hrs. cooled slowly... 39 Soft Brittk 
2C = Carburized 3 hrs. quenched in oil. =77 Hard Britth 
2K =Carburized 3 hrs. quenched in oil 

reheated to 1500°F; quenched in 

water 63 Hard Britth 


*%G  Carburized 3 hrs. cooled slowly; 
reheated to 1500°F; quenched 


ee ee eS oe §5 Hard ‘Tough 
2H ~~ Heated 3 hrs. at 1700°F in sand; 

quenched in oil. . én 55 Hard Britth 
>I Heated 3 hrs. at 1700°F in sand; 

quenched in water. 55 Hard Brittl 
2] Heated to 1700°F in open furnace; 

quenched tn water. . 80 Hard Britth 
2K ~——- Heated to 1700°F in open furnace; 

quenched in oil.... . 70 Hard Brittle 
21 Heated to 1420°F in open furnace; 

quenched in water. 47 Soft Britth 
»M_ Heated to 1500°F in open furnace; 

quenched in water. 68 Hard Brittle 





ey 


Tid h 


\ groove was then ground and filed in this sample, and it was 


again struck with the 3-pound hammer, but again it failed 


to 


break. After several attempts it was broken with a 10-pound 
sledge. The other samples which received the same heat treatment 


were only 4% of an inch thick and consequently were easier broken 


The specimens which were simply heated in the open furnace 
particularly to the higher temperatures, shattered quite easily wl 


hit with a hammer. In some cases a light tap would cause 
sample to break into several pieces. 


Fractures 


en 


the 


The fractures of the original castings were gray. Some ot t! 
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ecimens quenched from the higher temperatures showed very 
it fractures which were very coarse grained. As already men 
ned these were very brittle. The samples which were cooled 
lowly all showed gray fractures. Some of the specimens which 
vere carburized, cooled, reheated and quenched showed a dif 
ference in the fracture between the center and the outer laver some 


Data Table Ill 
Heat Treatment and Results on Samples from Bar No. 3 
Sample Heat Treatment Hardness ‘Toughness 
Shore Saw 
3A Carburized 8 hrs. ccoled slowly; 
reheated to 1500°F; quenched in 
WT be nies See eee Hard 
3B  Carburized 8 hrs. cooled slowly — 3: Soft 
3C. = Carburized 8 hrs. cooled slowly; 
reheated to 1500°F; quenched 
Ss RS Oe 7 Hard Very 
3D Carburized 8 hrs. cooled slowly. 
3E Sand cast; no treatment.. ; 45 Sott Brittle 
3G ~~ Sand cast; no treatment 
3H) = Heated for 3 hrs. at 1700°F in clay; 
cooled slowly............. 45 Soft 
Note—By the term “‘Cerburized,’’ used in these tables, and in connec 
tion, with the photographs, it is meant that the specimen so labelled was 
heated in a carburiz ng material to 1700°F, without regard to whether the 
»-ocess Is true carburization or not. 


Tough 


Tough 


what similar to the difference between the case and the core of a 
case hardened steel specimen. The difference was not so pronounced 
as in the case of steel. The fracture was not as light as some 
of the specimens quenched from the higher temperatures. Spect 
men 3C showed a very fine grayish fracture. 


Microstructure 


ln order to understand better what changes actually took 
place the specimens were examined under the microscope. A few 
of them are shown here. While these speak pretty well for them- 
selves, especial attention is directed to several things. Figs. 1, 
2, 9, 10, 11, 17, 18 and 19 show the three bars in the original 
cast condition. It will be noted that the structure of each bar 
ontains free graphite, free ferrite, and combined carbon in_ the 
lorm of pearlite. The specimens which were heated in the car 
hurizing material and cooled slowly, show in each instance 
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Fig. 1—Specimen 1A as cast, unetched. X 100, Fig. 2—Specimen 1A as. cast, etc! 

100. Fig. 3—Specimen 1B, carburized, cooled, center unetched. xX 100. Fig 
Specimen 1B, carburized, cooled, edge etched. X 100. Fig. 5—Specimen 1B, carbu 
cooled, center etched. xX 100. Fig. 6—-Specimen 1C, carburized, cooled, relieat 
quenched, edge etched. X 100 


eI SeS 2 HF 
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7 —Specimen 1C, carburized, cooled, reheated, quenched, edge etched. X 400 
Specimen 1C, carburized, cooled, reheated, quenched, center etched. X 100 
Specimen 2A as cast, unetched. X 100. Fig. 10-——-Specimen 2A as cast, etched. 
Fig. 11—Specimen 2A as cast, etched. « 400 Fig. 12—Specimen 2B, car- 

d, cooled, unetched. k 100 
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Fig. 13 Specimen 
2B, carburized, cooled, “1g. 15—Specimen 


reheated, quenched, Fig. 16 Specimen 2G, 
heated, quenched, center etched. x 100. Fig. 17 —Specimen 3F 
Fig. 18 Specimen 3E 


2B, carburized, cooled, 


center etched. x 100. 


edge etched. x 100. 
edge etched. 100. 


Fig. 14 Spe 
2G, carburized. . 
carburized, cool 


2 aS cast, unetched 
aS cast, etched. « 100. 
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19—-Specimen 3E as cast, etched. X 400 Fig. 20—Specimen 3D, carburized, 


edge etched. x 100. Fig. 21—Specimen 3D, carburized, cooled, near edge 
— 400. Fig. 22—-Specimen 3D, carburized, cooled, center etched. X 100 
-3—Specimen 3D, carburized, cooled, center etched. « 400 Fig. 24—Specimen 3C, 
rized, cooled, reheated, quenched, unetched. «= 100 
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Fig. 25—Specimen 3C, carburized, cooled, reheated, quenched, edge etched 
Fig. 26—Specimen 3C, carburized, cooled, reheated, quenched, center etched 
Fig. 27—Specimen 3H, heated in clay, cooled, edge etched. XK 100. Fig. 28—Specu 
3H, heated in clay, cooled, near edge etched. * 400. Fig. 29——Specimen 3H, |! 
in clay, cooled, center etched, * 100 Fig. 30—Specimen 3H, heated in clay, 
center etched 100 
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zone at the edge which is largely pearlite. This corres- 

very closely in appearance with the case of a case carburized 
except that there is free graphite present in these cases. Ap- 
ently the combined carbon in these zones is at least a little 
her than in the original casting. (Note:—3B and part of 3D 
not show the pearlitic zone at the edge. This may have been 

to the leaky condition of the carburizing. container. The 
enched specimens of this series hardened properly, indicating that 
outer zones must have been largely pearlite). The photo- 
rographs of the centers of the carburized, slowly — cooled 
tuples, show much more free ferrite than in the original casting. 
I‘vidently during the long heating the combined carbon in_ the 
center, broke down into its constituents, graphite and free ferrite. 
In the specimens which were reheated and quenched, some of this 
free ferrite has disappeared. Evidently it has been dissolvd in 
the formation of the semihardened structure. The photographs 
sample 3H are shown in Figs. 27-30. It will be noted that here 
there is a pearlitic band at the outside but that it is not 
is deep as those produced by heating for three hours in a 
carburizing material, and not nearly as deep as the one produced 
by 8 hours carburization. It will also be noted that there is a 
tendency towards decarburization at the extreme edge. The 


decomposition of the combined carbon in the core is noted as before. 


CONCLUSIONS 


[his paper is not complete and exhaustive enough to be the 
basis for any final conclusions. There are many things yet to be 
worked out. Future work may alter the opinions which would be 
drawn from this paper alone. The paper does demonstrate the 
ossibility of greatly improving the quality of gray cast iron. The 
best samples in this series were hard and at the same time had 
a toughness almost comparable with that of a case hardened low 

thon steel. They were considerably stiffer than malleable cast- 

It would seem that the production of such a combination 
properties from cheap gray cast iron, might have considerable 
mimercial value. 


(here may be differences of opinion as to exactly what took 


‘ 


during the “carburizing” heat, as well as the reasons for 


In the first place it seemed quite evident that the combined 
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carbon in the center decomposed into ferrite and graphite 
other words, the action was the familiar malleablizing annealing 
except that the amount of combined carbon in the original castino 
was lower than customary. This meant that the decomposition 
annealing did not require as much time. The carbon, how 
which was in the plate form in the original casting was incli 
to remain in that condition. This could not be considered ay 
advantage. Fig. 24 shows that sample 3C after heat treat 
contained graphite mostly in the globular form. Two other photo 
graphs of heat treated samples from bar No. 3 showed the 
condition. The writer does not see the explanation. 


What happens in the outer zones of these pieces when heated 
in contact with a carburizing material, may also be open to specula- 
tion. At the end of the run it is noted that the outer layer is 
mostly pearlite. Of course there was considerable pearlite in the 
casting to begin with. It would be interesting to try the same 
process on a cast iron containing as little combined carbon as 
possible. It seems probable that the combined carbon in the outer 
zone is actually increased by the “carburizing” run. Why should 
this take place? Does the pressure or quantity of carbon monoxide 
gas in the carburizing box, produce a different condition of chem 
ical equilibrium with which a higher amount of combined car 
bon in the outer zone, is in balance? Why should heating favo 
decomposition of the combined carbon in the center and the forma 
tion of the same compound near the surface? Does it not seem 
reasonable that this may be due to the action of the gases generated 
by the carburizing material? 


Another question which may well be raised, is; what com- 
position of cast iron would be the most suitable. If the silicon 
is very high and the combined carbon very low, it might be possible 
that the excess of graphitic carbon might retain the plate form 
which would mean a weakness. Again if the silicon were ver) 


high would it not prevent the formation of pearlite in the outer 
zone? If the silicon were very low there would be a great deal 
of combined carbon in the casting to begin with. This might re- 
quire considerable heating to break down and toughen. Also, it 
the silicon were low, would it favor the formation of excessive 
combined carbon in the outer zone and cause brittleness? 
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Bibliography of Hardness Testing 


(he following bibliography covers the literature on Hardness 
(esting. The work on this bibliography was carried out at 
| the instigation of Dr. H. L. Whittemore of the U. S. Bureau 
of Standards and was donated to the National Research 
Council Committee on Hardness Testing by the American 
Society of Mechanical Engineers who prepared it in their 
Library in New York. Additional references were supplied 
by Dr. P. D. Merica of the International Nickel Company 
and Dr. H. P. Hollnagel of the General Electric Company. 


N. B—Entries marked (+) refer to publications which are not 
\ lable. 


1901 


Keep, W. J. Hardness or the workability of metals. 1901. (In Trans- 
actions American Society Mechanical Engineers, Vol. 22, p. 293- 
311.) Describes the use of a drill press for testing hardness. 

lables give results of tests of various kinds of iron. 


1909 
Turner, T. Notes on tests for hardness. 1909. (In Journal of Iron 
and Steel Institute, Vol. 79, p. 426-43.) Describes the principles 
underlying the sclerometer metheds of Turner and Shore, the 
Brinell test, and the Keep test. Compares the results obtained by 
the four methods for lead, tin, zinc, copper, iron, etc. 


1910 
Mather, R. WHardness testing of cast iron. 1910. (In Mechanical En- 


gineering, Vol. 26, p. 190-1.) Describes and compares the various 
methods of testing hardness. Results of hardness tests made 
pig iron and cast iron are tabulated. 


on 


Roush, G. A. Hardness and its measurement. 1910. (In Chemical 


and Metallurgical Engineering, Vol. 8, p. 578-81). Tests on forged 
and annealed nickel alloys, copper alloys, monel alloys were made 
by the scleroscope method. Results are given in curves and dis- 
cussed. 

Schneider, J. J. Die Kugelfallprobe. 1910. (In Ztschr. Ver. d. Ing., 
Vol. 54, p. 1631-7.) Analyzes the ball method for testing hard- 
ness. Gives results of tests made on pig iron, brass, tool steel, 

etc., with an apparatus designed by himself. Describes in detail 

method of calculating hardness dynamically. 
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1911 


Shore, A. F The property of hardness in metals and mat 
1911. (In Proceedings American Society Testing Materials. 
ll, p 733-9) Discusses the semiautomatic scleroscope, th 
test and the hardness test applied to rolling-mill products 


cutting tools. 


Smith . Hardness tests,. 1911. (In Practical Engineering, Vol. 44 
238-9, 268-9.) Methods of measurement; the scratch tests 
“Sclerometer,” Indentation tests, Unwin’'s tests, Brinell’s ball 
Keep’s test, Shore’s scleroscope. Comparative hardness test 


lead, tin, zinc, copper, iron, etc., are tabulated. 


1912 


Ammon, M. A. Measurements and relations of hardness and d 
of carburization. in case-hardened steel. 1912. (In Bulletin A 
ican Institute Mining Engineers, Vol. 70, p. 1167-79. Abst: 
Chemical Abstracts, Vol. 7, 1913, p. 57). Brinell and_ sclero 
tests were obtained in the study of two specimens of stee! 
jected to varied treatment. 

Avery, W. and T. An Avery machine of pendulum type with 


block for hardness testing—measure indentation and height oi 
or energy. (Engineering, Vol. 94, p. 353). 


Bernard, V. Uses pendulum hammer, measures rebound as in sc! 
scope. Only good for workshop practice. (Revue de Metallu 
Vol. 9, p. 570-574). 


Brayshaw, S. N. The hardening of carbon and low tungsten 
steels 1912. (In Engineering Magazine, Vol 44, p 348-53). S! 
the influence of heat treatment upon the hardness of steel 
Results of Brinell and scleroscope tests are tabulated. 


Brenet, L. Sur le traitment thermique et mecanique des aciers. 1°! 


(In La Techn. Moderne, Vol. 5, p. 353-7). On heat treat: 


and mechanical treatment of steel containing a brief note on h 
ness of steel as result of its transformation by heat treatment 


Bullens, D. K. Brinnel test for automobile steel. 1912. (In Iron 
Vol. 89, p. 7-10). Investigation showing that hardness as so 





\ 


termined gives no dependable measure of strength or other p 


erties. Tests were carried out on chrome-nickel steel and sp 


carbon steel hot and cold rolled. 


Burian, C. Process of hardening steel poor in carbon. U. S. Pat 


042,999. 1912. (In Official Gazette, Vol. 183, p. 1257). Con 
ing in packing the steel body provided at one or more Pp! 
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ined places to be hardened with a hardening mass in pure 
ned silicious sand, and in subsequently highly heating the 
ked steel body. 

Devries, R. P. Comparison of five methods used to measure hardness. 
2 (In U. S. Bureau of Standard Technical Paper 11, p. 27, 
stracted in Journal Iron and Steel Institute, Vol. 87, p. 660). 
ympares the Brinell test, the cone test, Shore scleroscope, Bauer 
ll test, and the Ballantine hardness test. 

C. Research on-the hardness of steel. 1912. New York. Sixth 
mgress of the International Association for Testing Materials. 
pp. Describes the Brinell hardness test and its application for 
control of the homogeneity and the determination of the m« 
inical properties of steel, and the drawing up of specifications. 

Guillery, R. On the tests of hardness, elastic limit and resilience. 1912. 
New York. Sixth Congress of the International Association for 

esting Materials, 21, pp. Detailed description and mode of em- 

ployment of model apparatus yielding hardness. Illustrations of 
the apparatus for testing hardness and table of hardness numbers, 
id corresponding tensile strengths. 

Hanriot, M. Sur la durete, 1912. (In Comptes-Rend., Vol. 155, p. 
713-6. Abstracted in Journal Iron and Steel Institute, Vol. 87, p. 
600-1). Brinell hardness tests were made on_ bronze-aluminum, 
nickel, copper, silver, lead, etc., under varying pressure. 

Hanriot, M. Sur l’ecrouissage. 1912. (In Comptes-Rend., Vol. 155, p. 
828-31. Abstracted Journal Iron and Steel Institute, Vol. 87, p. 
600-1). Investigates the effect of hammer hardening on metals. 
Hardness tests under varying pressure have been made with alu- 
minum, silver, brass, etc. 

Hanriot, M. Sur lecrouissage sans deformation, 1912. (In Comptes- 
Rend., Vol, 155, p. 1502-4. Abstracted, Journal Iron and Steel In- 
stitute, Vol. 87, p. 661). By compression a hardening effect was 
produced without changing the structure. Silver, iron, zine and 
ordinary brass were tested. 

Hanriot, M. Sur letirage des metaux. 1912. (In Comptes Rend., 
Vol. 155, p. 971-4. Abstracted Chemical Abstracts, Vol. 7, p. 2038). 
i.tflect of stretching on hardness of aluminum, brass, silver, etc., 
nd relation between hardness and tensile stress. Results of 
ire tabulated. 


tests 


ine by Guillery similar to Brinell machine. (Mechanical Engi 
neering, Vol. 29, p. 745). 


Osann, B. Die Erzeugung “umgekehrten Hartgusses” und die Har- 
‘tung von Gusstucken durch Geblaseluft. 1912. (In Stahl und 


‘isen, Vol. 32, p. 1819-22). Hardening of cast iron by air blasts 


nd formation of “inside chill.” 
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Saniter, E. H. Hardness testing and resistance to mechanical] 
1912. Sixth Congress of the International Association 
ing Materials, New York, 7 pp. The Brinell ball test an 


scleroscope have been used for hardness testing of carbon 


for 


alloy steels containing manganese, nickel, chrome, vanadium 
cludes that a high Brinell number does not always indicate 
wear. 


West, T. D. New processes for chilling and hardening cast iron. 19]2 
(In Journal American Society Mechanical Engineers, Vol. 
337-62). Gives results of scleroscope tests for hardness of chil] 

bars; describes the hardening of a chilled body when hot 


pingement of air against its surface. 


West, T. D. Tests of chillable irons. 1912. (In Journal American So 
ciety Mechanical Engineers, Vol. 34, p. 865-82). Relative stre: 
of gray iron and of partly or wholly chilled iron, with tabk 
ing Brinell and scleroscope tests of three samples of iron 


1913 


Bigger, C. M. Tool steel from a salesman’s point of view. 1913 
Iron Age, Vol. 91, p. 706-8). Suggestions for hardening expen 
sive steel tools. Water, salt water and oil as hardening mediu 
for carbon steels. 


Devries, R. P. Mechanical tests of heat-treated spring steel 
a (In Proc. American Society for Testing Materials, Vol. 13, p. 550 
: 69. Abstracted Iron Age, Vol. 92, p. 50-1). Brinell hardness tests 
were made by measuring the permanent depth of indentation 
successively .applied loads. The hardness values are plotted 
tables. 


ae 


Dreymann. Hardening cerium and its alloys for use in pyrophorus 
products. 1913. (In Chemical Abstracts, Vol. 7, p. 3310). Abstract 
ed Dreymann’s German Pat. 260,843, 1911. By heating in ai 


different or reducing gas and then suddenly cooling. 


Eastick, T. A. Hardness of metals. 1913. (In Scientific Americat 
Supplement; Vol. 75, p. 277-8). Briefly discusses the conditi 
necessary to obtain various degrees of hardness. 


Electric Hardening Furnace. 1913. (In Iron Age, Vol. 92, p. 174, A’ 
stracted in Chemical Abstracts, Vol. 7, p. 3275). Including the us' 
of a preheater. Different proportions of KCl and BaCl. are us 


in the bath for hardening carbon, ordinary tool and high-speed too! 
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els. The method used is described and the equipment of the 
int shown by illustrations. 


Gloess. Hardening of carbon steel. 1913. (In Chemical Abstracts, 
|. 7, p. 1868). Abstract of Gloess’ Frercsh Pat. 445,739, 1912. 


he steel heated to a dark cherry-red is havdened in a bath con- 


sisting of a concentrated aqueous solution of a magnesium salt. 


Goerens, M. P. Influence de l’ecrouissage sur ies proprietes de l'acier. 
13 (In Revue de Metallurgie, Vol. 10, Memoirs, p. 608-64). 
rinell and scleroscope hardness testing methods are described 
d hardness tests made on steel containing varied amounts of 
carbon are tabulated. 


Goerens, P. Uber den Einfluss der Mechanischen Formgebung aut 
die Ejigenschaften von Eisen and Stahl. 1913. (In Stahl und 
Kisen, Vol. 33, p. 438-44). States that the hardness of soft pig- 
ron having the Brinell hardness 135 obtained a hardness of 265 
iiter cold work. 

Le Grix, G., and Broniewski, W. Sur la durete des alliages aluminum 
rgent. 1913. (In Revue de Metallurgie, Memoirs, Vol. 10, p. 1055- 
64). A definition of “hardness,” description of the Brinell method 
of hardness tests with the Grix apparatus of aluminum-silver al- 
loys. Bibliography on hardness of metals 1859-1912. 

Guillet, M. L. Les laitons au nickel. 1913. (In Revue de Metallurgie, 
Memoirs, Vol. 10, p. 1130-41). A paper on nickel brass. Table 
is given containing data on Brinell hardness of various copper- 
nickel alloys. 

Haler, P. J., and Stuart, A. H. Testing the hardness of steel. 1913. 
(In Practical Engineer, Vol. 47, p. 25-6. Abstracted Journal Iron 
and Steel Institute, Vol. 87, p. 6607). Method of operation of the 
scleroscope for hardness testing of steel. 

irdening and tempering steel. 1913. (In Machinery, Vol. 20, p 
103-6). Review of the general requirements and _ characteristics 
of quenching and tempering baths. 

Hubert, H. Present methods of testing. 1913. (In Journal Iron and 
Steel Institute, Vol. 88, p. 203-5). Discusses the question of 
hardness and describes the Shore and Brinell hardness testing 
machines. 
ict ball tester for hardness. 1913. (In American Machinist, Vol. 
99, p. 163. Abstracted Journal Iron and Steel Institute, Vol. 88, 

651). A simple design of impact ball hardness testing machine 
is illustrated. 


to the reports of the tests of metals and other materials 1881- 
12, including 1913. Washington Government Printing Office, 240 
Contains data on hardness of various alloys and metals. 
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Keen, W. H. Apparatus for testing hardness of metals. | 
1071430. 1913. (In Official Gazette. Vol. 183, 


means of a hard metal ball mounted in a shoe and a 


p 
weg! 
ed to strike said shoe and transmit the force of the blow 


ball. 


Kessner, A. Drill test for ascertaining machining properties 


(Carnegie Scholarship Memoirs, Vol. 5, p. 10-50). 


4) 


Kirner, J. Apparatus for testing hardness. U. S. Pat. 10578 
(In Official Gazette, Vol. 189, p. 156). Comprising a su 
drop weight, means for reading the rebound and a 
taining member. 


W ¢ 


Ledent & Wehrlin. Hardening of cast iron. 1913. (In Chen 
stracts, Vol. 7, p. 1868). Abstract of Ledent & Wehrlin 
Pat. 446,284, 1911. Employing a mixture of 
potter's clay, lampblack and As:Q,. 


water, nit 


McCormick, J. H. Process for surface-hardening metal. U 
1071937. 1913. (In Official Gazette, Vol, 194, p. 93). By 
to the heat from gases at over 4000 degrees Fahr., disco 


the heating as soon as the surface metal has reached th 


ening temperature and quickly subjecting said heated su 
a chilling process. 

McLarty, J. A. Process of treating organic and inorganic n 
U. S. Pat. 1072751. 1913. (In Official Gazette, Vol. 194, 
Hardening metals by subjecting to the action of gases and 
evolved by heating a mixture including a carbohydrate and 
petroleum, 

McLarty, J. A. Process of hardening copper. U. S. Pat. 10/797: 
1913. (In Official Gazette, Vol. 196, p. 974). By 
copper with a material including a carbohydrate and by 
to a temperature of about 1600 degrees Fahr., and then 
to remain out by contact with air until cold. 


coat 


Norris, G. L. Resistance of steels to wear in relation to the 
ness and tensile properties. 1913. (In Proc. American 
for Testing Materials, Vol. 13, p. 562-9. Abstracted Iron 3 


Vol. 92, p. 51). By using a special machine the relation 


wear and hardness of steel containing manganese, chromium kel 
vanadium has been determined. Hardness tests have be 
ried out by the Brinell and scleroscope methods. 


Schwarze, B. Rechnerische Ermittlung der Harte nach Hert 
versuche uber die praktische Verwendbarkeit der Ergebnisse. |°!° 
(In Annal. fur Gew. u. Bauwesen, Vol. 73, p. 81-5). Mat! 
cal calculation of hardness after Hertz and experiments on 
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application of results. Crucible steel tests have been made 


of an apparatus operated by hydraulic pressure. 


Simpson, W. T. Treatment of steel and iron surfaces. U. S. Pat. 
i671. 1913. (In Official Gazette, Vol. 191, p. 548). By im 
ynating steel or iron surfaces with metals or metallic com 

inds for hardening and by fusing electrically and alloying such 

ces while in a vacuum. . 
M. Electric hardening furnaces. 1913. (In 
view, Vol. 16, p. 158-63. 


General Electric 
Illustrated description of furnaces suit 
for hardening different kinds of steel. 


Walker, F. Testing the hardness of metals and its advantages. 1913. 
Canadian Machinery, Vol. 10, p. 


73-4. <Abstracted Journal 
and Steel Institute, Vol. 8&8, p. O58) 


Describes various meth 
for testing hardness of metals and their application to cutting 
Is and high speed steel. 


1914 
Beilley, G. T. The hardening of metals. 1914. (In 


‘Transactions 
raday Society, Vol. 10, p. 212-15). 


Hardening of the pure duc 
metals resulting from cold working, from. their 


mixture with 
other or with nonmetallic elements. 


Hardening by chilling. 


Process of hardening copper alloys containing a_ small 
ount of tin. U. S. Pat. 1095804. 1914. (In Official 


Gazette, 
Vol. 202, p. 216). By filing a portion of the 


surface and then 
lacing the alloy after heating upon a layer of sandy loam which 
been kept out of contact with H,O, and sunlight, and allow- 
it to remain until the filed portion changes to a bluish color 
d tinally cooling in a dry place. 

Committee E-l. Report of Committee E-1l on standard methods of 
ting. 1914. (In Proc. American Society Testing Materials, 
Vol. 14, I, p. 391-6). Standard methods for Brinell 
metals are recommended. Method of heat treatment of balls, 


standard diameter and form of balls, standard 


hardness tests 


pressures, etc. 
ted heat-treatment gained by skillful steel making. 1914. (In 
\utomobile, Vol. 31, p. 1118-20). 


Self-hardening of metals, in- 
iding the special steels. 


Cunningham, R. H. Steel hardening process. 1914. (In Canadian 
i'ngineer, Vol. 26, p. 607-9). Effect of heat 
roperties of steel and description of the 
Juenching or maintaining hardness. 


treatment on specific 


hardening process. 


Cunningham, R. H. UsSe of electricity in the steel hardening room. 


‘l4. (In Canadian Engineer, Vol. 26, p. 706-10). Description of 
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an electric furnace for steel hardening or Hoskins’ 
outfit and method of working. Hardening temperatur: 
measurement. 


Denis, M. Etude sur les properties generales des aciers a outi! 
(In Revue de Metallurgie, Memoirs Vol. 11, p. 569-669). P: 
of tool steels. Numerous tables containing data on hardness 
with various carbon content, chrome steels, tungsten-st 


on hardness as result of cold work or heat treatments 


Dowd, A. A. Hardening steel in a forge. 1914. (In Iron A, 


94, p. 553. Abstracted Journal Iron and Steel Institute, 
p. 583). Comparison of results secured with those of the | 
method. 


Edwards, C. A. The hardening of metals by quenching. 19! 


Transactions Faraday Society, Vol. 10, p. 248-50). Duc 
nal stresses and by crystal twinning. 


Edwards, C. A., and Carpenter, H. C. H. Hardening of met 
special reference to iron and its alloys. 1914. (In 
and Steel Institute, Vol. 89, p. 138-91). 


Journ 
Discusses the cau 
the varying degrees of hardness: (1) The 
which is produced by direct mechanical 
ing and rolling, and (2) 


hardening of 
work, such as 
the hardening by quenching 

Grard. Untersuchung der Harte und Sprodigkeit von Stahle: 
(In International Zeitschr. fur. Metallog., Vol. 5, 


p. 179-84. Al 
stracted Journal Iron and Steel Institute, Vol. 92, Ind 


p. 307 
cates the way of determining hardness by the 


Suggests to apply the load at least 5 minutes for exact ws 


Brinell method 


Grard. Brinell test—ratio of B. H. N. to T. S. (International 


of Metallography, Vol. 5, p. 179-185). 


Guillery, R. Machine for measuring directly the hardness of 
U. S. Pat. 1091128. 1914. (In Official Gazette, Vol. 200, p. 
Comprising a ball, a support for the metal test piece, m 
moving the metal piece against the ball, 


a screw and an ¢ 
cushion between the ball and 


screw. 
Guillery. Testing hardness of metals, 1914. (In Chemical Abst: 
Vol. 8, p. 317. Guillery’s Brit. Pat. 16879, 1912). A | 
brought into contact with the metal by a screw which serv 


micrometer screw for measuring the depth of impression 


Hadfield, R. A. The hardening of metals. 1914. (In Trans: 
Faraday Society, Vol. 10, 


p. 207-11. Abstracted Journal 











SiS 
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d Steel Institute, Vol. 90, p. 368). Discusses progress made in 











cientific methods tor the accurate determination of hardness of 


( tals. 


Hanemann, H., and Schulz, E. H. Formanderungen, Spannungen und 
Gefugeausbildung beim Harten von Stahl. 1914. (In Stahl und 
Kisen. Vol. 34, p. 399-405, 450-7). Form-changes of steel during 


hardening and influence of stresses on hardness of carbon steel 






and special steel containing nickel, chromium. 








Hardness testing, 1914. (In Engineering, Vol. 117, p. 281-3. Ab 
stracted Journal Institute of Metals, Vol. 11, I, p. 326). Illustrated 
description of the Martens hardness tester, methods of testing 


and of the tabulation of results. 












Hardness and warpage of shrapnel case metal. 1914. (In Tests of 


Metals, p. 36-8). 
Data on hardness, after annealing, of thi metal, containing 3.5. pet 






















cent ol nickel. 





Heat treatment of nickel-vanadium steel. 1914. (In Tests of Metals, 
»p. 146-52). 
Curve, 4, p. 150, shows the Brinell ball hardness number tor two 


specimens of heat treated steel. 





Hess, H. Brinell hardness tests. 1914. (In American Machinist, Vol. 
11, p. 274. Abstracted Chemical Abstracts, Vol. 9, 1915, p. 586). 
Suggests to adopt the standard diameter of the ball as 10 mm. 
(0.4 in.) with a permissible variation of 0.0025 mm. or 0.0001 in., 


plus or minus and to measure the ball after each impression. 


Kelley, E. J. Methods of determining hardness. 1914. (In Me- 
chanical Engineer, Vol. 34, p. 122-4). Iron Trade Review, Vol. 
55, p. 117-8, 142b. c. Abstracted Journal Iron and Steel Institute, 
Vol. 91, p. 597, 1915). Describes and discusses the various meth- 
ods of hardness determinations and the specific application of the 


different kinds of tests to ascertain different kinds of hardness. 












Kuhnel, R., and Schulz, E. H. Harteprufer, 1914. (In Giesserei Ztg., 
Vol. 11, p. 1-5, 56-9, 89-93). Analyzes the various apparatus and 
methods used for determining hardness. Describes and _ illustrates 


the apparatus of Martens, Brinell, Shore and their use for various 







purposes. Recommend the apparatus ot Shore and Schneider 
for use in factories and the apparatus of Martens for metallographic 


purposes. 











id advantageous in refining steel. 1914. (In Automobile, Vol. 31, 


p. 364-5). Lead used in hardening steel. 
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Local surface-hardening of high tensile steels. 1914. (In FE 
ing, Vol. 97, p. 212-4. Abstracted Chemical Abstracts, \: 
1257). Illustrated description of Vicker’s method of u: 
equipment for oxyacetylene welding. 


Means for ascertaining the hardness of metals or other materials. 1914 
(In Journal Society Chemical Ind. Vol. 33, p. 425. Abst: 
Rudge-Whitworth’s and Heathcote’s Eng. Pat. 6622, 1913) 
upon the fact that the friction between the body to be test ind 
a hard rough surface, such as that of a file, is less for the harde; 


body. 


Portevin, M. A. Influence du temps de chauffage avant la trempe sur 
les resultats de cette operation. 1914. (In Bulletin de la Societ 
d’Encour. pour l’Ind. Nat., Vol. 122, p. 207-82). Effect 
durability of heating in hardening on the results obtained 
operation. Heating in a salt bath; mechanical tests on 
steels; Brinell tests on special carbon steels after various 
ments; Brinell and Shore tests on molybdenum steels. 


Ricalfi, F. Describes a portable hardness testing machine. Tul: 
piston and hardened ball with spring to measure pressure. 
lurgia Italiana, Vol. 6, p. 199-202). 


Shore, A. F. What is hardness? 1914. (In Engineering, Vol. 98, ; 
84-5. Abstracted Journal Iron and Steel Institute, Vol. 90, p. 368) 
Gives a definition of hardness and the principle of the scleroscop 
for measuring hardness. 


Shore, A. F. Scleroscope, U. S. Pat. 1121050. 1914. (In Of 
Gazette, Vol. 204, p. 833). Having a specially graduated tube 
and a very light striker freely movable in the tube and means 
controlling the movement of the striker. 


Simpson. Hardening the surfaces of iron and steel. 1914. (In Ch 
ical Abstracts, Vol. 8, p. 2336. Abstract of Simpson’s German 
Pat. 270535, 1912). By cementation and introduction of metals 
by means of the electric current in vacuo. 


Skillman, V. Brinell hardness testing of nonferrous alloys. 1914. (in 
Transactions American Institute of Metals, Vol. 8, p. 151-60) 
Gives the principle of the Brinell test and the standard methods 
with table of results of tests made with two different loads. | 
phor bronze, gun bronze, manganese bronze of varying com| 
tion have been tested. Table with usual hardness of some com- 
mon alloys. Brinell and scleroscope readings. 


Stanton, T. E. and Batson, R. G. C. Hardness and wear of met 
Brinell and Janiter wear test. (Report of National Physical La 
atory). 
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Sweet, E. Method of hardening iron and steel. U. S. Pat. 1121572. 
1914. (In Official Gazette, Vol. 209, p. 1014). By heating to a 
red heat in a bath of molten KCN with addition of animal char- 


coal and by quenching in oil after removal from the molten ma- 
terial 


Thomas, J. J. Hardness tests: relation between Brinell ball test and 
scleroscope readings. 1914. (In Proceedings American Society for 
Testing Materials, Vol. 14, II, p. 72-5. Abstracted Mechanical 
Engineer, Vol. 34, p. 92). Illustrated by means of curves. Tests 
were carried out on chrome-nickel steel, nickel steel, carbon steel, 
bronze, cast iron and aluminum, The 
more with the different metals or even 
the ball tests. 


scleroscope readings vary 
in the same metal than 


Vicker. Hardening steel. 1914. (In Chemical Abstracts, Vol. 8 p. 
56. Abstracted Vicker’s French Pat. 453235, 1913). 


3y means of 
the flame of an C:2H, blast at about 750 degrees Cent. 


Wright, A. P. Use of chemicals in hardening of metals. 1914. (In 
Metal Industry, Vol. 12, n. s 


s. p. 384). Short note. Antimony is 
recommended for hardening metals in general, sulphur for hard- 
ening lead and tin. 


Wuesler, G. Machine for hardening steel. U. S. Pat. 1118723. 


1914. 
(In Official Gazette, Vol. 208, p. 1257). 


Comprising a tank for 
the hardening liquid with connections for supplying and controlling 
an air pressure, a cylinder with a movable head and a support for 
the metal to be hardened under pressure, means for limiting the 


movement of the head, and means for collecting the liquid dis- 
charged. 


1915 


Abbott, R. R. Relation between maximum strength, Brinell hardness 


and scleroscope hardness in treated and untreated alloy and plain 


steels. 1915. (In Proceedings American Society for Testing Ma- 


terials, Vol. 15, pt. 2, p. 42-61). Results obtained on carbon, nickei, 


chrome-vanadium, high chrome-nickel, and low chrome-nickel steels 
are considered. 


A. §. B. The testing of materials by means of the scleroscope. 1915. 


(In Automobile Engineering, Vol. 5, p. 223-5. Abstracted Journal 


Iron and Steel Institute, Vol. 92, p. 307). Deals with the testing 
of mild Siemens-Martin and Bessemer steel, of tool steel, hign- 


speed steel, case hardened parts, bronzes, copper, brass, ete. 
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( ) 


Brown, S. L. Process of hardening iron, U. S. Pat. 1190568 
(In Official Gazette, Vol. 214, p. 1111). By heating it to a 
heat and their immersing it in boiling NaCl for a short tin: 

Cain, P. H. Factors in the heat treatment of steel. 1915. 
way Master Mechanics, Vol. 39, p. 127-9). Contains 
on hardening and tempering of tool steel. 


(In 


brief 


Chapman, R. W. Demonstration of strain-hardening of 
(In Nature, Vol. 94, p. 589. Abstracted Journal Iron 
Institute, Vol. 92, p. 306). A photograph shows the 
the side of a steel bar due to strain. 


steel 
and Steel 


changes 


Comparison of hardness testing apparatus. 1915. (In Machinery, 
21, p. 364). The Shore scleroscope test is compared with 
Brinell hardness test. 


\ 1 
V Ol 


Effect of duration of drawing on physical properties of hardened 
steel. 1915. (In Tests of Metals, p. 191-203). Data are 
on Brinell hardness after drawing and quenching of hot rolled 
nickel steel containing 3.19 per cent of nickel. It is shown that 
Brinell hardness of water cooled steel is higher than when 
cooled. 


nil 


a1 ( 


alt 


Effect of carbon on the physical properties of heat-treated carbon 
steel. 1915. (In Tests of Metals, p. 204-23). Composition 
the steel is given and results of Brinell hardness tests are sum 
marized in the accompanying tables. 


Edwards, C. A. and Kikkawa, H. Effect of chromium and tungsten 
upon the hardening and tempering of high-speed tool steel. 1915 
(In Journal Iron and Steel Institute, Vol. 92, p. 6-45. Conclu 
sions of this paper in Engineering, Vol. 120, p. 313-4). Results 
of hardness tests are tabulated. It is stated that the greatest 
hardness is associated with the high volume. 


Evans, G. S. Testing the hardness of iron castings. 1915. (In Iron 
Age, Vol. 96, p. 8-10. Abstracted Journal Iron and Steel Institute, 
Vol. 93, p. 372). Two types of testing attachments are shown 
One for use with a Riehle universal machine and the other with a 
Tinius Olsen transverse testing machine. Method of determining 
hardness by the Ball impression test is described. 


Examination of aluminum bronze. 1915. (In Tests of Metals, 
244). The Brinell hardness of commercial aluminum bronze con 
taining 89.11 per cent of copper, 10.0 per cent aluminum, and 
0.94 per cent iron was found equal to 144. 


Friedmann, H. Tool for hardness tests. 1915. (In Iron Trade Rk: 


view, Vol. 57, p. 899). Illustrated description of a small drilling 
machine. 
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Hanley, W. Treatment of special steels. 1915. (In 


7) 


Practical Engi- 
neering, Vol. 52, p. 136-7). Contains brief note 


on hardness of 
nickel steels and table giving Brinell hardness for steel containing 
3 and 5 per cent of nickel. 

Haerten Kleiner Stahlstuecke. 1915. (In Elektrochemische Ztschr., 
Vol. 22, p. 66-7. Abstracted Chemical Abstracts, Vol. 9, p. 2374). 
Recommends a water bath covered with oil for hardening of small 
steel pieces. 

Howe, H. M. Hardening with and without Martensitization. 1915. 

(In Transactions Faraday Society, Vol. 10, p. 265-70. 


Engineering, 
Vol. 99, p. 87-9. 


Abstracted Journal Iron and Steel Institute, Vol. 
91, p. 584). Discusses the amorphous theory of the hardening of 
steel by rapid cooling and the influence of the rate of cooling on 


the hardness of Hadfield’s manganese steel. 
Hydraulic hardness testing machine. 1915. (In 


allurgical Engineering, Vol. 13, p. 646. 
stracts, Vol. 9, p. 3208). 


Chemical and Met- 
Abstracted Chemical Ab- 
Working on the Brinell principle of mak- 
ing indentations in the metal and measuring the width of the same 
by a special microscope. 


McFarland, D. F. and Harder, O. E. Alloys of chromium, copper 
and nickel. 1915. (In Transactions American Institute Metals. 
Vol. 9, p. 119-44). Contains a note on 


hardness tests, with hard- 
ness numbers increasing with 


increase of chromium and_ table 


giving Brinell hardness numbers for a series of alloys. 


McLarty. Iron, copper, etc. 1915. (In Chemical Abstracts, Vol. 9, 
p. 1297. Abstract of McLarty’s Brit. Pat. 27141, 1913). 


Harden- 
ing, preserving from oxidation by 


subjecting them to the action 


of gases and vapors produced by heating a mixture of H:O, hydro- 
carbons, carbohydrates, etc. Free 
fore treatment. 


oxygen may be withdrawn be- 


McWilliam, A. and Barners, E. J. 
tors of a series of heat-treated 
Iron and Steel Institute, Vol. 91 


Brinell hardness and tenacity fac- 
special steels. 1915. (In 
, p. 125-39). Tests 
out with chromium-steels, nickel steels, vanadium steels. 


Journal 
were carried 


Discussion. 


Mathews, J. A., and Stagg, H. J. Factors in hardening tool steel. 


1915. (In Journal American Society Mechanical Engineers, Vol. 
> 


37, p. 141-7. Abstracted Journal Iron and Steel Institute, Vol. 91. 


p. 582-3). Considers time of heating, speed of 


ness as affected by mass, time 


furnaces and methods of heating. 
curves, 


quenching, hard- 
and degree of drawing, temper. 


Results of tests are given as 
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Meneghini, D. Hardness tests of copper-zine alloys. 1915. (In 
Trade Review, Vol. 57, p. 1240). Gives the arrangement a: 
lustration of an apparatus operating under a slight pressur 
ercised by a ball of small diameter. Tabulated results of 


ness tests on copper zinc alloys. 


Olsen, T. Machine for testing hardness. U. 5S. Pat. 1141881 
(In Official Gazette, Vol. 215, p. 277). Including means fo: 


plying a load to a piece under test. 


Portevin, A. L’essai a la bille sur les metaux et alliages brut 
coulee. 1915. (In Revue de Metallurgie, Memoirs, Vol. 12 
95-100. Abstracted Journal Iron and Steel Institute, Vol. 92 
306-7). Brinell hardness test on metals and alloys in rough 
condition. Causes of irregular results often met with. R« 
of Ball tests on bronze, brass. 


Portevin, A. Shape of impression by falling ball. (Comptes Rk 
Vol. 160, p. 344-6). 


Schulz, E. H. Die Volumen und Formanderungen des Stahles 
Harten. ?915. (In Ztschr. Ver. d. Ingen., Vol. 59, p. 66-71, 
6. Abstracted Iron Age, Vol. 95, p. 1399-1402). On the cha: 
in volume and shape taking place in steel with hardening. Anal 
of steels used in investigation and hardness tests. 


Shepard & Porter. Hardness tests of cold-rolled steel. 1915 
American Machinist, Vol. 42, p. 277-8. Abstracted Journal | 
and Steel Institute, Vol. 91, p. 597, 1915). Determines the 
tion between the ultimate tensile strength of cold-rolled steel 
the hardness number as found by the Brinell and scleroscope t: 
Author believes that the Brinell hardness test gives more valual! 
results in determining the ultimate tensile strength than the scle: 


scope test. 


Skillmann, V. Brinell hardness-testing of nonferrous alloys. 19! 
(In Foundry, Vol. 43, p. 111-2). Describes method of testi 
hardness by scratching, the Brinell test. Tables show hardn 
of various phosphor bronze alloys of gun bronze, mangan 
bronze and of some common alloys as white brass, babbitt, et: 


Turpin. Essais de durete executes avec un appareil a main. 1915. (| 
Revue de Metallurgie, Memoirs, Vol. 12, p. 104-12. Abstract 
Iron Age, Vol. 96, p. 923). A simple hand device adapted to ¢ 
termining hardness with a satisfactory degree of accuracy. Meth 
of carrying out tests and of calculating the results is given. 
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den Harteversuch an Automobil Konstruktion Stahl. 1915. 
\utom.-Rundschau, Vol. 14, p. 119-20). Hardening of - steel 
eat treatment. 


White. Hardening copper, 1915. (In Chemical Abstracts, Vol. 9, 


p. 
220 Abstract of White’s French Pat. 467583, 1914.) 


By heat- 

it to redness or whiteness, plunging it for a short time into a 
hardening bath of milk of lime with additions of vegetable ex- 
tracts, and then hammering it. 


1916 


Abbott, R. R. Heat treatment of automobile steels. 1916. (In Bulle- 

tin Society! of Automotive Engineers, Vol. 11, p. 32-44). Paper 
and discussion containing a brief note on hardening near critical 
points. 


Arnold, J. O. Note on the relations between the cutting efficiencies of 
tool steel and their Brinell or scleroscope hardness. 1916. (In 
Journal Iron and Steel Institute, Vol. 93, p. 102-13. Abstracted 
iron Age, Vol. 97, p. 1207). States that the Brinell hardness of 
a properly hardened tool is a negligible factor of efficiency. 


\utomatic steel hardening and tempering machine. 1916. (In Ma- 
chinery, Vol, 22, p. 998-9). Designed to provide for automatically 
and uniformly hardening and tempering steel product, especially 
small thin pieces. 


Bray, N. H. Process of Carburizing and hardening metals. U. S. Pat. 
1207848. 1916. (In Official Gazette, Vol. 233, p. 412). By _ heat- 


ing the metal to a highly absorbent degree with an acetylene flame. 


Hrinell hardness perpendicular to and in the direction of forging or 
rolling. 1916. (In Tests of Metals, p. 123-7). Cold rolled, ma- 
chined, forged steel samples were tested. 


Orinell meter for hardness tests. 1916. (In Machinery, Vol. 22, 


$18). Description of the Brinell meter of the Standard Roller 
Bearing Co. 


p. 


. 


convenient hardness measuring instrument. 1916. (In 


Iron Age, 
Vol. 97, p. 1195), 


Known as the “Brinell meter” designed to give 
accurate results independent of the dimensions, shape and 


loca- 
tion of the material tested. 
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metals for hardness 1916 
Applications of the Brinell m 


i¢ 


Friedmann, H. ‘Testing nonferrous 
Machinery, Vol. 22, p. 1026-8). 
in regulating methods of manufacture. Tables with hardness 

of aluminum sheets, copper sheets, ete. 


Fry, L. H. What is heat treated steel? 1916. (In Railway Mec! 
cal Engineer, Vol. 90, p. 335-7). Deals briefly 


with hardness 
duced by heat treatment. 


Hadfield, R. A. Memorandum on hardness. 1916 


(In Proceeding 
stitute Mechanical Engineers, Oct.-Dec. 


p. 707-11). Criticizes 
methods of measuring hardness, 


Hardness. 1916. (In Tests of Metals, p. 31-2). Description of ha: 
ness tests carried out with 2 brass bars of different composition 


received, and after compression, annealing 


iS 


and cold work 


Hardening high-speed steel. 1916. (In Iron Trade Review, Vol 
p. 270). Directions of the Vanadium-Alloys Steel Co 


» distribute 
for hardening high-speed steel. 


Hardness tests for metals. 1916. (In 


Times Engineering Supplement 
Vol. 12, no. 504, p. 164). 


Description of the Brinell test, the Shore 
scleroscope, the limitations of all hardness 
of hardness tests to plain carbon 
vanadium steel. 


tests and applications 
steel, carbon, tungsten, chron 


Howe, H. M. and Levy, A. G. Notes on the hardening and temperi: 
of eutectoid carbon steel and on the Shore test. 1916. (In Proceedu 
of the 19th meeting of the American Society Testing Materials, 
Val. 16, pt. 2, p. 5-52. Abstracted Iron Trade Review, Vol. 59, 
p. 372). Showing the influence of the quenching temperature and 
of the temperature and time of tempering on the hardness and on 
the microstructure of quenched (hardened) steel containing 0.92 


per cent carbon. It records, further certain preliminary studies 
of the Shore scleroscope test. Results 


of numerous hardness tests 
are tabulated. 

Improvements in the technique of Brinell 
1916. (In Chemical and Metallurgical 
611-2. Abstracted Chemical Abstracts, Vol. 10, 


hardness determination 
Engineering, Vol. 14, 
p. 2342-3). Th 
Brinell method is made independent of the dimensions, shape 
location of the metal mass. 
mens for tests is eliminated. 


na 
a 
The “sampling error” in cutting spe: 
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latest improvements in Brinell hardness testing machines. 1916. (In 
Chemical and Metallurgical Engineering, Vol. 14, p. 58-60). A 
direct-reading depth gauge is carried by the Scimatco-Brinell ma- 
chine and gives correct indications to 1/100 of 


a millimeter indepen- 
dent of the shape of the test piece. 


McFarland, D. F., and Harder, O. E. Preliminary study of the al 


lovs ot chromium, copper and nickel. 1916, (In University thins 


Bulletin No. 93, 66 pp. Engineering Experimental Station). P. 


16-8: Brinell hardness number tests were made on numerous al- 


loys of varying composition and on some pure metals and results 
are tabulated. 


Moore, R. W. E., and Edgecomb, H. R. Hardness testing apparatus 
and method. U. S. Pat. 1192670. 1916. (In Official Gazette, Vol 
228, p. 1357). Method of testing metals by means of a machine 
forming surface indentations. 


Report of the Hardness Tests Research committee. 1916. (In Pro- 
ceedings Institute of Mechanical Engineers, Oct.-Dec., p. 677-701. 


Engineering, Vol, 102, p. 556-8, 597-9). Detailed description of 


experiments made at the National Physical laboratory, on hardness 
with analysis of various methods for 


hardness determination. Re- 


sults of tests on hardness of different steels and bronze. Relation 


between hardness and resistance to wear. 


Portable hydraulic hardness testing machine. 1916. 


(In Chemical and 
Metallurgical Engineering, Vol. 14, p. 612). 


Illustrated note. 


Richardson, C. E. Artificial gas-fired furnace installation. 1916. (In 
Journal Industrial and Engineering Chemistry, Vol. 8, p. 911-4. 
Abstracted Journal Iron and Steel Institute, Vol. 95, p. 378). Il- 
lustrated description of hardening furnaces. 


Ricolf, F. 1916. (In Metallurgia Italiana, Vol. 8 p. 690-9 Ab 


stracted Journal Iron and Steel Institute, Vol. 95, p. 400). Dis- 
cusses the application of the Brinell method of hardness testing 
for controlling the manufacture and treatment of projectiles. 


Stanton, T. E. and Batson, R. G. 


Report of committee on hardness 
tests. 


Quite comprehensive—gives description of different methods. 
(Proceedings Institute Mechanical 


Engineers, Oct.-Dec., pp. 
677-723). 
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Thomas, W. N. A few experiments on the hardness testing oj 
steel. 1916. (In Journal Iron and Steel Institute, Vol 
255-69). Carried out in order to show the effect of time up: 
determination of Brinell’s hardness number, the relation be: 
the applied pressure and the area and the diameter of th. 
pression, the influence upon the “hardness factor” of th 
done upon the specimen during application of the load a: 


consider the effect of the thickness of the specimen. 


Turner, T. Hardening and annealing of metals. 1916. (In Jo 
Chemical Metallurgical and Mining ‘Society So. Africa, Vol. | 
61-6). Deals briefly with cold working of metals and its influ 
on hardness. 7 


Unwin, W. C. Memorandum on tests of hardness and resistance 
wear. 1916. (In Institute Mechanical Engineers. Oct.-Dec., p | 
5). Describes briefly Turner scratch test, the indentation met 
the Brinell hardness test, the Shore scleroscope, and the re! 
between hardness and resistance to abrasion or wear. 


Van Deventer, J. H. Hardening and softening steels. 1916. (In M 
chinery World, Vol. 60, p. 15-6). Describes briefly method 
heating for hardening and tempering. 


Vickers & Smith. Apparatus for determining the hardness of a bod 
1916. (In Journal Society Chemical Industry, Vol. 35, p. & 
Abstracted Vickers & Smith’s Eng. Pat. 11936, 1915). By cau 
ing a hard steel ball by a single blow of a hammer to mak: 
pressions simultaneously on a bar of standard hardness and 
the surface to be tested. 


1917 


Anderson, R. J. Notes on the heat treatinent of high-speed steel too! 
1917. (In Bulletin Transactions American Institute Mining |: 
gineers, Mar., p. 408-15). Discusses the paper of Bellis and Hard 
on heat treatment of high-speed steel and suggests to harden 
heating under close pyrometric control. 


Bellis, A. E., and Hardy, T. W. Notes on the heat-treatment of hig! 
speed steel tools. 1917. (In Transactions American Institute Mi 
ing Engineers, Bulletin Jan., p.. 61-8). Experiments on hardenin: 
of high-speed steel in which metallographic means were used 
determine the correct hardening temperatures. Numerous micro 
graphs of steel hardened at different temperatures. 


Brayshaw & Yates. Hardening and tempering furnaces. 1917. (! 
Mechanical Engineer, London, Vol. 39, p. 108. + Abstracted Jou 
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nal Iron and Steel Institute, Vol. 95, p. 378). Illustrated descrip 






tion of a furnace for hardening and tempering steel. 






Burton, W. L. The hardening of steel. 1917. (In Mining and Engi- 
neering Review, Vol. 9, p. 292-5). Deals with the heat treatment 





and its influence on the composition and hardness of steel. Gives 





results of hardening trials of steel bars. 





Chubb, T. W. Recent British hardness tests of engineering materials. 
1917. (In American Machinist, Vol. 46, p. 138). It was concluded 





that “the Brinell hardness numbers of a miscellaneous selection 





of steel are not a safe guide in predicting their relative resistance 








to wear.” 














Constitution et durete des alliages cuivre-aluminum riches en = cuivre. 
1918. (in Metallurgie, Vol. 50, No. 45, p. 1631-3). Effect of tem 


pering temperature on hardness of alloys containing 9-16 per cent 







of aluminum. Results of Brinell and scleroscope hardness tests 








are tabulated. 








Davis, E. F. Lead hardening. 1917. (In Gas Age, Vol. 40, p. 307-10). 
On the use of a lead bath for steel hardening. The furnaces used 











in lead hardening. 









Davis. Testing of sheet brass. 1917. (In Proceedings American So- 
ciety for Testing Materials, Vol. 17, 2, p. 164-98). Brinell and 


scleroscope tests were made and results tabulated. Brinell hard- 







ness tests of annealed and hard rolled metal do not vary appre- 





ciably with the thickness of the metal. Scleroscope and Brinell 





tests are found to be unsatisfactory on metals below a certain limit 





of thickness. 









Ehlers, W. A. Heat treatment of metals. 1917. (In Industrial Man 
agement, Vol. 53, p. 17-28). Describes the process of hardening, 






temperatures to be maintained and the use of salt solutions in hard 





ening. Describes and illustrate a heating machine for continuous 





hardening and annealing with automatic heat controller and reg- 






ulator. 









islectrical method of hardening steel. 1917. (In Engineering, Vol. 124, 
p. 82-3). Description of the Wild-Barfield patented process. 






Grenet, L. The penetration of the hardening effect in chromium and 
copper steels. 1917. (In Journal Iron & Steel Institute, Vol. 95, 
p. 107-17). Experiments have been made on crucible steels from 









Firminy. Results are tabulated. 







Guillery. Hardness tests. 1917. (In Comptes Rend, Vol. 165, p. 
468-71. +- Abstracted Chemical Abstracts, Vol. 12, p. 266. Journal 
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Iron and Steel Institute, Vol. 97, p. 537. Journal American 
ciety Mechanical Engineers, Vol. 39, p. 1035-6). Indicates a ¢s 

of error in making rapid Brinell tests and method by which 
error can be eliminated. Gives the mechanical arrangement 

in carrying out tests and data of tests on various materials as mild 
steel, medium steel and nickel-chrome steel. 


Hampson, D. A. How to avoid cracks in hardening. 1917 
American Machinist, Vol. 47, p. 280). Suggests to use one b: 


of steel to avoid losses in hardening, to heat slowly, etc. 


Hardness testing machine. 1917. (In Machinery, Vol. 24, p. 17) 
The “Scimatco” Brinell hardness testing machine is provided 
a hydraulic press and a standard hardened steel ball. 

Hatfield, W. H. Steels used in airplane work. 1917. (In Automotiv: 


Industry, Vol. 37, p. 507-9). Heat treatment and their effects 
hardness of various steels, case-hardening, air-hardening. 


Knight, W. On testing materials. 1917. (In Machinery, Vol. 24, 
201-3). Notes on the interpretation of results obtained from va 
rious tests. Discusses the Brinell hardness test, the scleroscop 
method. 


Lake, E. F. Alloy or carbon steels versus carburized. 1917. (In M 
chanical World, Vol. 62, p. 3-4, 18). Sriefly deals with hardness 
of carburized steel. 


Ludwik, P. The hardness of alloys. 1917. (In Ztschr. Ver. deut. Ing., 
p. 547-54. Engineering, p. 444-5, Vol. 104. Abstracted Journal 
Society Chemical Industry, Vol. 36, p. 1180, Journal Iron and Steel 
Institute, Vol 97, 1918, p. 537). Varying quantities of different 


metals were added to copper, tin, lead, zinc, and aluminum, and 


et 


the hardness of the resulting alloys was ascertained by the Brinell 
test. 


New hardness measuring instrument. 1917. (In Iron Age, Vol. 100, 
p. 1119. Abstracted Chemical Abstracts, Vol. 12, p. 243). Illus 
trated description of an apparatus based on the Brinell principl 
and having a steel ball, which is pressed into the specimen by a 
hydraulic piston. 


Nouvel appareil pour l’essai de durete des metaux a la bille de Brinell 
1917. (In Genie Civil, Vol. 71, p. 265-6). New apparatus fo! 
testing hardness by means of the Brinell method. Length ol 
time required to carry out the test is reduced. 


Parker, S. W. Mayari and nickel steels compared. 1917. (In Iron 
Age, Vol. 99, p. 1380-1). Description of the heat treatment; tab! 
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giving results of hardness tests of Mayari and nickel steel quenched 
in water from 800 degrees Cent. and drawn at various tempera 
tures. The Mayari steel drawn at the same _ temperature has 
considerably greater hardness than the nickel steel. 


Parker, S. W. Properties and structure of nickel steel. 1917. (In 
Iron Age, Vol. 100, p. 67-9). Shows the influence of annealing 
at between 125-1450 on nickel steel of 0.22 and O41 per cent ol 


carbon. 


| 


The Pellin  hardness-testing apparatus, a French device. 1917. (In 
Iron Age, Vol. 99, p. 1247). It is based upon the Brinell dynamic 
method and has been designed for hardness testing of different 
metals. 


Pierce, E. H. Hardness of hard drawn copper. 1917. (In Proceedings 
American Society Testing Materials, Vol. 17, 2, p. 114-21). Brinell 
hardness tests were made both on the surface and at various 
points in the cross-section. It is concluded that hard-drawn cop 
per wire is equally affected throughout its mass and that the con 
ception of a hard, exterior “skin” is erroneous. 


Pyromagnetic indicator. 1917. (In American Machinist, Vol. 47, p. 
83). For indicating the critical point on steel parts being heated 
for hardening. 


The quality of hardness. 1917. (In Engineering, Vol. 124, p. 295-6). 
Editorial on Professor Turner’s paper on “Hardness and Hard- 
ening.” 


Robin, M. F. Mesure de la durete par penetration d'une molette. 1917. 
(In Soc. d’Encourag. pour I'Ind. Nationale, Bull. 127, p. 
Abstracted Journal Iron and Steel Institute, Vol. 97, 1918, p. 
Results of an investigation on hardness measurements by penetra 
tion of a circular knife-edge cutter. For measuring the hardness 

of steel the method is thought to give more exact results than the 

ball pressure test. 


Thompson, J. Hardening high-speed steel. 1917. (In American Ma- 
chinist, Vol. 46, p. 344). Short note on temperature to 


be main 
tained in hardening process. ~ 


Turner, T. Hardness and hardening. 1917. (In Journal Institute of 


Metals, Vol. 18, 2, p. 87-99. Engineering, Vol. 124. p. 254-6) 


Definition and measurement of hardness. Hardening of pure 


metals by alloying, cold work and by chilling. 


Hardness of cop 
per, zinc alloys, ete. 


Uranium steel. 1917. (In Tests of Metals, p. 104-5). Brinell hard- 
ness of three indifferent makes of uranium steel 
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Waldo, L. Apparatus for testing the hardness of metals. U. § 

1228503. 1917. (In Official Gazette, Vol. 239, p. 44. Abstra 
Chemical Abstracts, Vol. 11, p. 2188). A plummet with a co: 
impression point is allowed to fall upon the material to be t 


to determine its hardness. 





1918 






Apparatus for testing the hardness of metals, 1918. (In Journal 
ciety Chemical Industry, Vol. 37, p. 285A. Abstract of Reid 
Brown's Eng. Pat. 114593, 1917). By indentation with a ball 
other known weight. The amount of indentation is measured 

tically. 













Appliances for ascertaining the hardness of metals and other 
materials. (In Journal Society Chemical Industry, Vol. 36, 
980. Abstract of Eng. Pat. 107685, 1916). By the depth of 
dentation in the material caused by the predetermined pressure 
a hardened ball. 





















Avery & Dobson. Hardness testing machine. 1918. (In Journal 
ciety Chemical Industry, Vol. 37, p. 533A. Abstract of Avery | 
Dobson’s Eng. Pat. 117526, 1917). By indentation of the spe 
men with a steel ball. The indicating mechanism consists oi 
pendulum or spring balance. 


Ayers, J. G. A new method of obtaining Brinell hardness. 1918. (| 
Automotive Industry, Vol. 39, p. 457. Proceedings American So 
ciety for Testing Materials, Vol. 18, No. 2, p. 461-5). An impact 
substituted for a steady pressure to reduce the time required fo 
applying the test. 


Bassett, W. H. and Davis, C. H. A comparison of grain size measure 
ments and Brinell hardness of cartridge brass. (Transactions 
American Institute Mechanical Engineer, Vol. 60, p. 428). 


Batson, R. G. C. Value of the indentation method in the determina 
tion of hardness. 1918. (In Proceedings Institute Mechanica! 
engineers, Vol. Oct.-Dec., p. 463-83. Abstracted Journal Socict) 
Chemical Industry, Vol. 37, p. 703A). Deals with indentation 
produced by a static load and by the impact of a ball or cone. 


Batson, R. G. C. Value of the indentation method in the determina 
tion of hardness. (Engineering, Oct. 25, 1918, p. 475). 


Boyelle-Morins. Testing or determining the hardness of metals and 
other substances. 1918. (In Journal Society Chemical Industry, 
Vol. 37, p, 76-7A. Abstract of Boyelle-Morins Eng. Pat. 108460, 
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1917). By comparison of the indentations produced in the sub- 





stance and in a body of standard hardness by the pressure of a 





hardened steel ball or the like. 













Brayton, H. M. Tensile strength and hardness of steel. 1918. (In 
Iron Age, Vol. 102, p. 627-9, Abstracted Journal Iron and Steel 
Institute, Vol. 98, p. 492). Considers the relation between tensile 






strength and Brinell and = scleroscope hardness. Their relation 





shown by means of graphical charts. One being known, the other 






can be easily ascertained without recourse to tests. 






Chattaway. Machine for testing the hardness of metals. 1918. (In 
Journal Society Chemical Industry, Vol. 37, p. 226A. Abstract of 
Chattaway’s Eng. Pat. 114126, 1917). By forcing a hardened ball 
against the article and by estimating the hardening from the diame- 






ter of indentation. 









Cooke, C. J. B. Testing hardness of metals by the Boyelle-Morin ap- 
paratus. 1918. €In Proceedings Institute Mechanical Engineers, 
Jan.-May, p. 331-3. Abstracted Chemical Abstracts, Vol. 13, p. 
1206). Illustrated description of a portable apparatus which can 
be used upon castings or forgings and consisting of a tube carry- 
ing a hardened steel ball. By striking a blow with a hammer, in- 


dentations are produced upon the object to be tested and upon 












a piece of metal of known Brinell hardness. 







Craggs, J. W. Notes on testing hardness of metals. 1918. (In Jour- 
nal Society Chemical Industry, Vol. 37, p. 43T-48T). (Abstracted 
Journal Iron and Steel Institute, Vol. 97, p. 537. Chemical Abstracts, 
Vol. 12, p. 1282). Reviews various methods of hardness testing 








and gives factors for the comparison of the results with the 





Brinell and scleroscope method of hardness testing. 









(Journal 







Effect of pressure on diameter of steel balls. 


Craggs, J. W. 
American Society of Mechanical Engineers, Vol. 40, pp, 386-388). 











De Forest, A. V. A simple type of Brinell testing machine for 500 kg. 
load, 1918. (In Proceedings American Society Testing Materials, 
Vol. 18, No. 2, p. 450-9). Compares 5 Brinell hardness testing 


ey 


machines and test results carried out on hard rolled cartridge brass. 

















Edwards, C. A. The hardening and tempering of steel. 1918. (In 
Engineering, Vol. 105, p. 267-70. Abstracted Journal Iron and Steel 
Institute, Vol. 97, p. 528). Discusses the principles of hardening 
of carbon steels and “Special steels” like nickel-steels, chromium and 






tungsten steels. 
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Edwards, 


metals when tested by impact with a 10 mm. steel ball; and a 


C. A. A law governing the resistance to penetratio: 


hardness scale in energy units. Prot. C. A. Edwards, D Sc. Uni 
sity of Manchester. (Engineering, Oct. 25, 1918, p. 469). 














Edwards, C. A., and Willis, F. W. 


penetration of metals when tested by impact with a 10 mm. 


A law governing the resistanc: 








ball; and a new hardness scale in energy units. 1918. (In P 
ceedings Institute Mechanical Engineers, Jan.-May, p. 335-6 
Results of tests carried out with different materials as tin, alu 
num, Muntz-metal, copper, steel, ete, are tabulated. Critic: 


the various methods of estimating the hardness of metals. 








Fairfax. Brinell tests of hardness. 1918. (In Mechanical World, \ 


63, p. 127). Description of the method, calculation of the valu 


























table of Brinell hardness caused by 10 mm., diameter ball und 
various loads and tables giving typical Brinell hardness for va 
rious metals and for wrought steels used in automobile co: 
struction. 


Greenwood, J. N. Constitution and hardness of aluminum  bronz 
1918. (In Foundry, Vol. 46, p. 322-5). Relationship between th: 
hardness and the composition of aluminum bronze, as moditic: 
by heat treatment and by increasing percentages of aluminum. Th: 
alloys examined from 8.7-13 per cent of aluminum. 


Grotts. Metallography and heat treatment of metals used in airplan 
construction. 1918. (In Chemical and Metallurgical Engineering, 
Vol. 19, p. 121-8, 191-7, 241-6). Hardness tests made on heat 
treated medium carbon steel, high carbon steel, chrome-nickel 
chrome-vanadium steel, etc. Method and apparatus used in test 
ing and results of hardness tests. 


Guest, J. J. Hardness tests, 1918. (In Institute Mechanical Engineers 
Oct.-Dec., p. 555-65. Abstracted in Mechanical Engineering, Vol 
41, No. 2, p. 173-4). Gives a formula for measurement of hard 
ness and indicates the nature of hardness by means of a stress 
strain diagram. 


Hardening carbon steel. 1918. (In Journal Industrial and Engineer 
ing Chemistry, Vol, 10, p. 574). Description of an automatic elec 
trically operated detector for use in connection with the hardening 


of carbon steel. 


Hardening of aluminum-bronze, 1918. (In Journal Institute of Metals, 
Vol. 19, 1, p. 250-1. Journal Industrial and Engineering Chemistry, 
Vol. 9, p. 1144. Abstracted Giesserei Ztgz., June 1, 1917 +). By 
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heat treatment. Table is given showing Brinell hardness, ete 


hefore and after heat treatment. 


Haynes, E. Stellite, alloys of cobalt, chromium, tungsten and mol) 


bednum. 1918. (In Chemical and Metallurgical Engineering, Vol 
18, p. 541-2). Tungsten and molybdenum increase the hardness to 
a remarkable degree. 


Lake, E. F. Failure of the carburizing process. 1918. 


(In Proceed 
ings Steel Treating Research Society, Vol. 1, No. 9, p. 39-45). 


Briefly deals with hardness of carburized steel. 


Morse, F. L. Hardness testing machine. 1918. (In U. S.. Official 


Gazette, Vol. 247, p. 271. Abstracted in Journal Society Chemical 
Industry, Vol. 37, p. 226A). Combining a yielding abutment, a 
movable plunger, an indenting projection, a cylinder connected to 
said abutment, a piston with a by-pass valve and a glass gage 


Richardson, G. A. Steel for gears and their treatment. 1918.) (Ln 
Iron Age, Vol. 101, p. 1668-1671). Discusses the relative merits 
of case-hardening and oil hardening for nickel-chrome 
chrome-vanadium composition and other alloys containing 
vith or without nickel, chromium, etc. 


alloys, 


tungsten 


Schultz, G. Hardening and tempering certain railways materials. 1918. 
(In Stahl und Eisen, Dec. 5. + Abstracted 


: in Mechanical Engi 
neering, Vol. 41, p. 391). For all parts basic Martin 


most 0.12 per cent carbon is used. 


steel with at 


Shore, A. F. Report on hardness testing: relation between ball hard- 
ness and scleroscope hardness. 1918. (In Journal Iron and Steel 
Institute, Vol. 98, p. 59-78, 79-88). Results of experiments are 

shown graphically in accompanying charts. A list of metals and 

materials used in the experiments. Discussion and correspondence 
on the. paper. 


Simplest hardening equipment for carbon steel. 1918. (In Electricity, 
Mar. 22, 1918. + Abstracted Electrical World, Vol. 71, p. 887) 
Description and illustration of the furnace. 


Steel hardening process makes substitute for manganese steels. 1918. 
(In Electrical Railway Journal, Vol. 52, p. 704). By application 
of an oxyacetylene flame in heating iron or steel. 
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Tone, F. J. Apparatus for testing hardness. U. S. Pat. 1285362. 
(In Official Gazette, Vol. 255, p. 1011). By applying a meas 
pressure to the tool and by measuring the depth of penetratio: 

the torque required to rotate the tool while cutting. 


Unwin, W. C. The Ludwik hardness test. 1918. (In Proceedings 
stitute Mechanical Engineers, Oct.-Dec., p. 485-597). Paper 
ing the relationship between indentation hardness tests of duc! 
metals. Discussion of an article on hardness by Edwards 
Willis, and of the paper “The Brinell ball test for hardness 
metals.” 








Unwin, W. C. The definition of hardness. 1918. (in Engineer 
Vol 105, p 535. Abstracted in Journal Iron and Steel Institu 
Vol. 98, p. 490). Points out the identity of Martel’s and Brine! 
hardness numbers. Hardness is- defined as the work required 
indent unit volume or the ratio of a steady load to the spheri 
surface of a ball indentation. 


Unwin, W. C.: The Ludwig hardness test. (Engineering, Oct 
1918, p. 478. 


1919 


Bassett, W. H. and Davis, C. H. A comparison of grain-size measur 
ments and Brinell hardness of cartridge brass. 1919. (In Bulleti 
American Institute Mining Engineers, No. 145, p. 57-78 Ab 
stracted Chemical Abstracts, Vol. 13, p. 307). Investigation i 
accompanied by numerous micrographs. 


Boyd. Hardening iron or steel. 1919. (In Chemical Abstracts, Vol 
13, p. 835. Abstract of Boyd’s Holland Pat. 2643, 1918). By plac 
ing cold in molten KCN containing powdered C in suspension, 
and by heating the bath to the desired temperature. The metal 
is then plunged into a suitable liquid to cool. 


Clewell, C. E. Instruments for hardness tests. 1919. (In American 
Machinist, Vol. 50, p. 93-6). The early form of Brinell hard 
ness determination with two recent modifications, and the sclero 
scope. 


Ensaw, H. Testing materials for hardness. 1919. (In American Ma 
chinist, Vol. 50, No. 6, p. 257-8). Briefly discusses the file test, 
the bar test and the Brinell test for hardened steel parts. 
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naux, P. P. Instruments for hardness tests. 1919. (In American 
Machinist, Vol. 50, p. 703-4). Description of a French develop- 


ent of a portable Brinell tester, and method of carrying out tests. 


lening steel. 1919. (In Chemical Abstracts, Vol. 13, p. 1578. 
\bstract of Dear & Miris Steel Co.’s Brit. Pats. 124463 and 124465, 
1916). (1) By immersing steel at a temperature of not less than 
800 degrees at its surface and while the interior is fluid in a bath 
containing HNO,, H,SO, and H,SO, and an ammonium compound; 
(2) by immersing a steel ingot while its interior is still molten in 
vater or an aqueous bath and keeping it long enough to prevent 
recalescence after its removal from the bath. 


Kelley, F. C. Relative hardness of soft iron and copper. 1919. (In 
Machinery, Vol. 25, p. 921. Abstracted in General Electric Review. 
-). By use of an electric furnace, ingot iron was annealed to a 
degree of softness that made it suitable for use instead of copper. 
Hardness tests were made by the standard Brinell method. Re- 
sults of tests are tabulated. 


Lea, F. C. Aluminum alloys for aeroplane engines. 1919. (In Jour- 
nal Society Chemical Industry, Vol. 38, p. 370A). Hardness of 


aluminum alloys becomes greater as the copper content increases. 


Londenbeck. Heat treating chrome-nickel steel. 1919. (In Proceed- 
ings Steel Treating Research Society, Vol. 2, No. 5, p. 18-24, 58-60). 
Deals briefly with relation between impact and Brinell hardness. 
fable shows impact plotted against Brinell hardness. 


Linbenberg. Process for hardening chrome-steel for magnets. 1919. 
(In Journal Society Chemical Industry, Vol. 38, p. 18A. Ab- 
stract of Lindenberg’s German Pat. 308291, 1916). The finished 
pieces are brought to a temperature just below the critical point, 


then heated quickly to the hardening temperature above that point, 
and quenched in water. 


Ludwik. In Proceedings American Society for Testing Materials. 
1908-10, II 1, 6). Gives bibliography of tests showing that Brinell 
hardness varies with load and diameter of ball. Discusses ball— 
pressure tests and cone—pressure tests. Good general discussion 
with references. 


Nicolardot, P. Sur l’ecrouissage du plomb, de l’estain et du thallium. 
1919. (In Comptes-Rend, Vol. 168, p. 558-60. Abstracted in Chem- 
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ical Abstracts, Vol. 13, p. 1813). On the hardening of len 
and thallium by deforming the metal ingot by the impact 
hammer and by producing the ball impression under a 
load of 10 kg. for 5 seconds. Results are tabulated. It 


COl 
is s 
that deformation takes place with lead, thallium and tin and 
at ordinary temperature they anneal the sooner, the tempera 
is higher. 


Round table discussion held before the Indianapolis Section 1919. 
Proceedings Steel Treating Research Society, Vol. 2, No 
28-31, 54-8). Dealing briefly with the hardening of high 
steel in connection with a chart on “showing the effect of dray 
on all high-speed steels, hardened at various temperatures and 
drawn at various temperatures.” 





Shepard, W. K. Hardness tests of gun-barrel steel. 1919. (In An 
ican Machinist, Vol. 50, p. 739-42). Investigation on relations 
tween tensile and hardness tests of steel with 0.5-0.6 per cent 
bon, 1.15-1.3 per cent manganese, 0.18-0.25 silicon, 0.08 per 


phosphorus and 0.06 per cent sulphur. 


Thompson, F. C. Some recent advances in the measurement of har 
ness in metals. 1919. (In Journal Society Chemical Industry 
Vol. 38, p. 241-3R). Criticizes the Brinell test, deals with modi 
fication of the Brinell test and means to correct its unsatisfactory 
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STATIC AND DYNAMIC TESTS FOR STEEL 
By J. M. Lessells 


Abstract 





The paper deals with certain static and dynam 
forms of testing, the tensile test being taken as represe) 
tative of the former, and the repeated shock and fatigu 
as representative of the latter. 

Certain types of shock and fatigue testing machin 
are described in detail together with the experimental 
results obtained from such machines. 

The tabulated data shows that the results obtained 
from the repeated shock tests have a real meaning and 
are closely related to those obtained from the long-tin 
fatigue tests. Since it has frequently been asserted that 
there is no such relation between repeated shock and 
fatigue, these results are of the first importance. On this 
basis the repeated shock test becomes a short time fatigue 
test. 

Another short time test is discussed in detail in 
which the endurance limit under fatigue ts determined b\ 
measuring the deflection of a single test piece while run 
ning under a varying load. In general the paper asserts 
the importance of dynamic testing, cautions the use o| 
such without proper knowledge, and establishes a rela 
tion between different forms. 


INTRODUCTION 


HIS paper is presented with the view of discussing som 
of the characteristics of static and dynamic forms of testing 
The tensile test has been taken as representative of the stati 


A paper presented before the Pittsburgh chapter of the Society, Ju 
5, 1923. The author, J. M. Lessels, is engineer in charge of mechanics in t! 
Research laboratory of the Westinghouse Electric & Mfg. Co, If: 
Pittsburgh, Pa. 


The author is indebted to the Westinghouse Electric & Manufacturing Compan) 
permission to publish these remarks and to P. L. Irwin for his assistance in obtai: 
much of the data here recorded. 
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and the repeated shock and fatigue as representative of 





he dynamic forms. A relation between these two latter. tests 





cussed in detatl, 






STATIC TESTING 
lensile 










lhe tensile test being the chief static test is first considered. 





test of course, due to the speeds adopted for commercial 
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| Tensile Test Diagram for an 0.33 Per Cent Carbon Steel, Annealed 

| Limit, $3,000 Ibs. per sq. in.; Yield Point, 39,600 Ibs, per q. n.; Maximum 

(original area), 68,825 Ibs. per sq. inv; Maximum Stre (actual area), 117,500 

per sq. in.; Elongation in 2 Inches, 35.4 per cent; Reduction of Area, 50.6 pet 
Modulus of Elasticity, 30.8 x 10! ; Proof Resilience, 8.82. inch pound 













ting nught scarcely be classified as static, but on the basis that 


the test piece is stationary it is so considered in this paper. 






In a tensile test, there are two values around which much dis 
ion as to the actual meaning of the values, has taken place 







Keference is made to the elastic limit and yield point. This con 






tention is all unnecessary since there is no question that we can 






all agree on the interpretation of such, if we desire. to do so. 






[he elastic limit can be taken as that stress at which strain ceases 






be proportional to applied load, and yield point as that stress 






it which an extension of 0.01 inches on a standard test bar has 






occurred, These values would only be suitable for low and medium 






carbon steels, but there is no reason at all why an interpretation 





such cannot be worked out on this basis which eliminates all 


uch expressions as “drop of the beam,” ete. In this manner the 






eld point would be tied up completely with elastic limit, which 






as it should be. 






In Figs. 1 and 2 are shown characteristic tensile test diagrams 
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on which these two values are recorded on the basis of { 
vious interpretation. With this brief discussion of the a; ' 


difficulties of the tensile test interpretation, the more com, 
forms of testing can now be considered. 


DYNAMIC ‘TESTING 


There are two forms of dynamic tests; namely the shi 















and the fatigue test. 
Shock Tests 
The repeated shock test will alone be considered here sine 
the other forms of tests were fully discussed by the write: 
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Fig. 2—Elastic Phase of the Tensile Test Diagram for a Steel Castin 
Per Cent Carbon, Normalized. 
paper published in the May, 1922, issue of TRANSACTIONS. — | li 
type of machine used is shown in diagrammatic form in Fig. 3 
and is called the Stanton type. 

In this machine, the test piece being notched, is struck 
blow over the notch alternately 180 degrees apart, the height 
drop and the number of blows to fracture being recorded. [e-ts 
conducted with such a machine for a single height of drop 
of little or no value and the results of such might conceiva 
be very misleading. Due to the possibility of being able to chai 
the height of the drop a series of results can be obtained, co! 
mencing with a 2-inch drop and noting the number of blows 
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ire, then reducing the height of drop on each consecutive test 
until a drop of O.3-inch has been reached. These results 
hen plotted so that height of the drop is the ordinate and 


umber of blows to fracture the abscissa. The type of curve 


2.25" . 225° 
4,5 


Diagram of the Stanton Repeated Impact Testing Machine, 
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Fig. 4—-Repeated Shock Test Curve for a_ 0.37 
Carbon Steel, Annealed. 


btamed is shown in Figs. 4, 5 and 6. It will be noted that all 
these curves are characteristic, just as a tensile test diagram 
is characteristic. 


Fatigue Tests 


Fatigue testing machines are of various forms, but only two 
'| be discussed here; namely, the beam type and the cantilever 
- 


In the beam type, the test piece is freely supported at the 
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Fig. 5—-Repeated Shock Test Curve for a 0.37 Per Cent ( 
Steel Heat-Treated 
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Fig. 6—Repeated Shock Test Curve for a 0.33 Carbon Steel 
Casting, Normalized. 


ends on two ball bearings and loaded through two others, eac! 
|’ inches from the center of the test piece. In the cantilever typ 


the test piece is gripped at one end and is loaded at the oth 
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veh a ball bearing. Both types of machines are shown in 
7and&. ‘Tests are made on these machines by taking a series 
st pieces and commencing with a stress approximately one 
the ultimate stress in tension, and the piece is run to destruc 


fhe number of stress cycles to fracture the specimen, is 





Fig. 7—Beam Type of Fatigue Testing Ma 
chine. 
recorded. The stress is slightly reduced on successive test pieces 
until a total cycle of 20x10° is obtained without fracture. From 


the results obtained, a curve having the stress as the ordinate and 


the cycles of stress as the abscissa, is obtained. Such curves are 
shown in Figs. 9 and 10. 

It will be noted that these curves are of the same general 
characteristic as those obtained from repeated shock tests. On the 
assumption that these endurance curves are asymptotic to the 
horizontal axis the endurance limit is taken as that stress just im 


mediately below, that withstood for 20x10° cycles without failure. 


RELATION BETWEEN ENDURANCE AND REPEATED SHOCK 


As previously stated the curves for endurance and repeated 
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shock show the same characteristics in that, after certain 


small decrements of stress in the case of fatigue tests, and of 





of drop in the case of repeated shock tests, give large inci 
in the life of the specimen, and that neither break. Sinc 
are similar, the vertical height of the repeated shock cu 








Fig. 8-—Cantilever Type of Fatigue Testing 
Machine, 


wards the right hand should be indicative of the endurance valu 
obtained by the longer methods. To show this, a comparison 
such values is given in Table 1. 

In this table three steels are considered, a rolled medium 
carbon steel, a carbon-vanadium steel casting, and a carbon st 
casting. Taking the values of the endurance limits (carbon 
as rolled) as unity, and the value from the shock resistance cu 
at 60,000 blows also as unity, the corresponding relative valu 
for the annealed and normalized states are shown to be 1.01 a 
1.06 for the long fatigue tests, and 1.04 and 1.08 for the sh 
tests. This is also repeated for the steel castings, making t!\ 
cast condition the basis of comparison. It will be noted that th 
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striking similarity between the two sets of results, showing 
intedly, that there exists a relation between fatigue and _re- 


| shock, if the results are properly interpreted, 


SiortT METHOD OF DETERMINING [ENDURANCE LIMIT 


l'rom what has been previously said, it will be appreciated 


the determination of endurance limits is a long process, since 


Table I 
Relative Endurance Values from Shock and Fatigue Tests 


Fatigue Shock 
Material State Tests Tests 
0.37 Carbon Steel As rolled 1.00 1.00 
0.37 Carbon Steel As annealed 1.01 1.04 
0.37 Carbon Steel As normalized 1.06 1.08 
0.3 Car.—O.18 Van. 
Steel As cast 1.00 1.00 
0.3 Car—O.18 Van. 
Steel As annealed 1.05 1.17 
0.3 Car.—O.18 Van. 
Steel } normalized 1 07 
0.23 Carbon Steel ! cast 1.00 
(23 Carbon Steel f annealed 1.10 
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hig. 9—Endurance Curve for a 0.37 Per Cent Carbon Steel, Annealed. 


a stress cycle of 20x10° the test piece must run continuously 


at least twelve days. The repeated shock test can be used.as 
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Fig. 10—Endurance Curve for a 0.37 Per Cent Carbon Steel, Heat Treated 
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Fig. 11—Deflection Curve (Dynamic) for a 3% Per Cent 


Nickel Steel. 


a check on these long tests once the values from these long tes! 
for one state of the material are at hand. There is, however, 
several short cuts to the determination of this endurance valu 


DYNAMIC TESTS 


of these will be discussed, namely, the “deflection” method. 

his test, one test alone is necessary although two are desirable 

the endurance limit can be determined in thirty minutes. A 

-ror is fixed in the end of the rotating test piece and by a 

‘able arrangement of telescope and_ scale the values of de 

‘ion and corresponding load are obtained. from this data a 

-ve is drawn having stress as ordinates and deflection as abscis- 
Sat [he point at which stress ceases to be proportional to 
deflection is the endurance limit of the material. A curve of this 
ature for nickel steel is shown in Fig. 11. This method originally 
ased at the National Physical Laboratory, England, gives very good 
results and the only limitation imposed on its use at this time by 
‘he writer, is that the endurance value so found must not exceed 
the elastic limit in tension. 

From these remarks it will be appreciated that there is a re 
lation between repeated shock and endurance tests. Since a series 
of repeated shock tests can be made in a few hours while the en 
durance tests take weeks, this relation will, when further worked 
out, tend to make dynamic testing possible commercially. further 
more, by the development of such short methods as that of de 
fection, the time of determining endurance limits for steel under 


reversed stress will be further reduced. The only caution’ which 


the writer advances is that we should know these tools thoroughly 


before we begin to apply them. Otherwise, repeating the old 
adage, “a little knowledge may become dangerous.” 
Pan] da - ae] 


CONCLUSION 


In conclusion the writer wishes to emphasize the importance 
‘§ dynamic testing and believes that in the future the use of such 
will be largely extended towards obtaining the best material for 


pecific applications. 
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The Question Box 


A Column Devoted to the Asking, Answering and Discussing 

of Practical Questions in Heat Treatment — Members 
Submitting Answers and Discussions Are Requested 

to Refer to Serial Numbers of Questions 





NEW QUESTIONS 


QUESTION NO. 96. Can the structure of a piece of 
be determined by the microscope applied to the fracture 
cross section, without polishing and etching the fracture, say 
stamping die 6 x 2 x 3% inches, that has been hardened 
broken in half, that is, are the different structural pheno 
known as austenite, martensite, sorbite, ferrite, etc., so dete) 
able? 

QUESTION NO. 97. What degree of heat ts requir 
change austenite to martensite, troosite, etc? 


QUESTION NO. 98. What heat treatment will give a 
martensite structure throughout the hardened area of a picc 
steel 6 « 2 x 3% inches? 


ANSWERS TO OLD QUESTIONS 

QUESTION NO. 67. What is the reason for the fact thai 
piece of steel quenched in brine will be harder than the same pi 
of steel would be if quenched in water, providing that the quenc! 
ing temperatures and quenching medium temperatures are |) 
same in each case? 

QUESTION NO. 69. Is sulphur up to 0.10 per cent detri- 
mental to the quality and physical properties of an automotiv 
steel. 


QUESTION NO. 72. What elements are conducive to good 
electric butt-welding of steels? 
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IUESTION NO. 73. Does electric butt-welding destroy the 
cal properties developed in a steel which has been heat treated 
to the welding operation? 


QUESTION NO. 74. Why shouldn't a bar of steel rolled 
yn a locomotive axle be better than one rolled direct from the 
t made from the original ingot? 


QUESTION NO. 83. In annealing high-carbon tool steel 

in open-fire furnace 6’ x 12’ is it likely that sulphur would be 

ytparted to the steel by the use of producer gas made from coal 
musually high in sulphur, say around 1.50 to 2.00 per cent? 


QUESTION NO. 85. What is the best method of prevent- 
arburization in holes, or in the bore of parts to be case hard- 


! 


QUESTION NO. 92. What is meant by reduction of area 
tensile testing of metals? 


QUESTION NO. 93. What are the more common methods 
of quenching ordinary taps? Are they quenched all over and the 
hanks drawn, or are they quenched only on the threaded portions; 

are both the threaded portions and the tangs quenched, leaving 
center portion of the shank soft? 


QUESTION NO. 94. What are the most salient causes of 
e explosive disruption of many hardened steel articles? 


QUESTION NO. 95. What is meant by “self hardening” 
els? 
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Reviews of Recent Patents 





1,450,947. Forging Press. David R. Gill, Erie, Pa., assignor 
one-half to Harold M. Sturgeon, Erie, Pa. 


ot 


This invention relates to a forging press which compris 
plurality of farging dies each having ftorging surfaces encircling 
axis of the pass, one end of said forging surtace being out of th 
plane of the other end thereof and the radius thereof progressivel) 
decreasing from the entrance end of the exit and thereof, said dies b 
interjacent of each other and forming a conically shaped pass _there- 
through, and mechanism adapted to support said dies and rotate each die 


around an axis offset from the axis of the other die. 


1,451,333. Art of Making Electrolytic Iron. Frederic A. Eustis, 
Milton, Carle R. Hayward, Quincy, and Henry M. Schleicher and Don- 
ald Belcher, Boston, Mass., assignors, by direct and mesne assignments, 
of one-half to said Eustis, and one-half to Charles Page Perin, New’ 
York City. 


This refers to an art of making electrolytic iron which comprise: 
reducing a ferric solution by means of an electric current to a ferrou: 
state, and then transferring the ferrous solution to a separate electrolyti 
cell to which the ferric solution has no access and depositing iron from 
the ferrous solution by electrolysis in said separate cell. 


1,452,232. Alloy. Carl J. Zaiser, Milwaukee, Wis., assignor to 
American Metal Products Company, Milwaukee, Wis., a corporation of 
Wisconsin. 


This patent refers to an alloy consisting of the following ingredients 
in substantially the following proportions, namely: Iron—l3 to 60 per 
cent; Copper—82 to 30 per cent; Aluminum—5 to 10 per cent. 


1,452,480. Apparatus for Casting Metals. Nathaniel K. B. Patch, 
Buffalo, N. Y., assignor to Lumen Bearing Company, Buffalo, N. Y., a 
corporation of New York. : 


This invention relates to an apparatus for casting metals under the 
pressure of centrifugal force, comprising a rotatable head, and a mold 
ing flask mounted on said head to rotate therewith, said flask having a 
molding cavity in its upper portion and a comparatively deep well for 
molten metal in its lower portion communicating with said molding 
cavity. 
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News of the Chapters 





BOSTON CHAPTER 








Che Boston chapter of the American Society for Steel 





lreating held a meeting on May 24 which was the last 





meeting of the year. ‘The speaker for this evening was G. C 





\icCormick, assistant metallurgist, Crompton & Knowles 





Loom Works, Worcester, Mass., who chose for his subject 





“Use and Abuse of Pyrometers.”. Mr. McCormick pointed 






out the factors to be mindful of in every pyrometer in 





stallation and explained the principles of pyrometer operation. 





[his paper was very well received and raised very active 






liscussion, proving that there are many essential features of 





pyrometer equipment that the general steel treater does not 





know about. 





Following the presentation of this paper a banquet was 


held, a photograph of which is given on the next page. The elec 





tion of officers for the ensuing year took place at this meeting 





which resulted in the following being elected: Chairman, H. I 





llandy; vice chairman, V. I. Homerberg; secretary-treasurer, 





G. I. Davis. The retiring chairman and secretary with the 





new officers will comprise the executive committee and it is 






telt that with a new start the chapter may be brought to the 






Iront. 








The Boston chapter of the American Society for Steel 





lreating held a special meeting of the executive committee 





on September 7. At this meeting the following committees 






were elected: Membership committee, L. H. Wetherell, 
chairman; D. A. Black, E. A. Meade, C. L. Stott, H. B. 
Parker, Fred Lovejoy, K. A. Juthe and H. W. Foster, mem- 






bers; Life-Saving committee, R. E. Belknap, chairman and 





. 





|. L. Faden and T. L. Kirkpatrick, members; Reception com- 





mittee, W. W. Cummings, chairman and 1. H. Cowdrey and 


Zurback, 










members; Finance committee, A. N. Fverett, 
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rman and L. Hleath, member; Research committee, L. 


J. 


|) Hawkridge, chairman; C. I. Karle, F. H. Kingdon, F. C. 





ngenberg, I. H. Cowdrey and J. A. Erickson, members; 






\leetings committee, W. IE. Latham, chairman and G. P. 





ck and S. W. Parker, members. The duty of the respective 


i >\ 
L 





umittees is as follows: Membership committee, to endeavor 





4 





ncrease membership of the chapter; Life-Saving committee, 





o-operate with Membership committee to retain members 





who have been dropped for dues and for various other reasons; 





Kkeception committee, to see that all members are made 





acquainted with each other and given the proper welcome; 





| the Finance committee, to take care of the finances of 






the chapter and to audit the treasurer’s books. 








CHICAGO CHAPTER 






The Chicago chapter of the American Society for Steel 
lreating have recently announced that there will be evening 





classes in heat treating, metallurgy and metallography given 


1 


by Lewis institute, who are co-operating with the Chicago 






cl apter. 

The school year is divided into two semesters beginning 
on October 8, 1923 and February 11, 1924, respectively. The 
class work is under the supervision of William H. Potter, a 







nember of the executive committee of the chapter, and con- 





sists in the working out of various practical and theoretical 





problems from a heat treating and engineering standpoint. 





(‘he work is of interest and value to heat treaters, draftsmen, 






engineers, etc. The classes meet twice a week and discuss 





their problems in the classroom with the aid of lectures and 





stereopiticon slides. They also have access to a metallurgical 





aboratory and forge shop. 

The heat treating class meets from 6:30 to 9:30 p. m. using 
is a textbook “Steel and Its Heat Treatment” by D. K. 
bullens. The first quarter of each semester is spent in the 
lorge shop, making a study of the various types of equip- 
ment. The remainder of the time is equally divided between 









vork in the forge shop and lectures in the classroom. 
The metallurgical class meets from 6:30 to 8:15 p. m. 
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using “The Metallurgy of Iron and Steel” by Bradi 
Stoughton as a textbook. The work of this class consist 7 
a series of lectures on the art of steel making, phy 
tests, etc. 

The class in metallography meets from 6:30 to 9:30 | 
having as their textbook “The Metallography of Iron 





















Steel” by Albert Sauveur. This work consists of the select 
preparation and photography of specimens taken from fer: 
and nonferrous metals as well as the interpretation of mi 
photographs and specification writing. 


DETROIT CHAPTER 


The Detroit chapter of the American Society for Ste 
Treating held its first meeting of the fall season on Septembet 
17 in the General Motors building at 8:00 p. m. The speake: 
of the evening was J. W. Alden, United Alloy Steel Corpora 
tion, Canton, Ohio, who chose for his subject “Melting and 
Calculating of a Heat of Alloy Steel and also Various Types 
of Ingots and Brick Tops.” Mr. Alden gave a very capabl 
presentation bringing out many interesting and _ instructiy 
points. 


The meeting was preceded by dinner at 6:30 p. m. 


INDIANAPOLIS CHAPTER 


The Indianapolis chapter of the American Society fo 
Steel Treating held its first meeting of the fall season at the 
Hoosier Athletic club on September 10, 1923. Dinner was 
served at 6:30 p. m. after which a short business session 
was held. 

The program tor the entire year was outlined at this 
meeting. It was planned to conduct a course on automotiv: 
construction to be in session every other month, and in this 
way it is hoped to stimulate interest in round table discussion. 

The speaker for this meeting was Earl Smith, metal 
lurgist, Central Steel Company, who gave a very interesting 


NEWS OF THE CHAPTERS 
on “Steels in Automotive Construction.” ‘This presen- 
tion was followed by lively discussion. Lantern slides were 
shown explaining operations in the steel mull. 


MILWAUKEE CHAPTER 


the Milwaukee chapter of the American Society tor 
Steel Treating held a meeting on Tuesday, September 25 at 
8:00 p. m. in Hotel Blatz. The paper of the evening entitled 
dustrial Electric Heating” was presented by H. I. Scar 
brough, industrial heating engineer, General [Electric Com- 


iny, Chicago. Having had extensive experience in this 


ubject, Mr. Scarbrough presented his paper in a very capable 


nanner, outlining briefly the existing applications of electric 
heating, including low and high-temperature production. 


Preceding the meeting, dinner was served at 6:30 p. m. 


NORTH WEST CHAPTER 

The North West chapter of the American Society for 
Steel Treating held its first meeting of the fall 
luesday evening, September 25 at 7:45. The 


season on 
paper of the 
evening was presented by Norman Conn, metallurgist, Min- 
neapolis Steel & Machinery Company, who 
subject, “Hardening Small Tools and Dies.” 
} 


Lae 


chose for his 
Mr. Conn, having 
l an extensive practical experience in this subject covered the 
general practice of hardening small tools and dies and ex- 
hibited a number of failures, explaining their causes. Lively 
discussion followed the presentation of the paper which was 
very interesting and instructive. 


PITTSBURGH CHAPTER 


The Pittsburgh chapter of the American Society for 
Steel Treating held its first meeting of the fall season on 
September 4, 1923, at 8 p. m. in the Blue Room of the William 
Penn hotel. The paper of the evening, entitled “An Illustrated 


xplanation of Some of the Metallurgical Terms Relating to 


} 
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was presented by N. B. Hoffn 
chief chemist and metallurgist, Colonial Steel Company. 
paper was illustrated by lantern slides. This meeting 
well attended and an enjoyable time was spent by all. Din 
was served in the Engineers Society rooms at 6:30. 

The Pittsburgh chapter held its October meeting on 
second of the month in the Crystal Parlor, William Penn ho 
The speaker of the evening was J. E. Burns Jr., district sal 
manager, E. F. Houghton & Company, Indianapolis, who cl 
for his subject “Quenching Media.” Mr. Burns, who is 


authority on this subject, gave a very capable presentat 












































and much discussion was brought forth. Dinner was se 
preceding the meeting at 6:30 in the Engineers Society roon 

















SOUTH BEND CHAPTER 


The South Bend chapter of the American Society 
Steel Treating held its first meeting of the 1923-24 season 
Wednesday, September 26, at 7:45 p. m. in the South Be 
Y.M.C.A. The program for the evening consisted of 
paper presented by Professor Knowles B. Smith, professor 
mining and metallurgy, Notre Dame University, Notre Dame, 
Indiana, entitled, “The Occurrence and Mining of [ron Or 
Lively discussion followed the presentation of this interesting 
subject. 


TRI CITY CHAPTER 


The Tri City chapter of the American Society for Stee! 
Treating held a meeting on September 20 at 8:00 p. m. in thi 
Davenport Chamber of Commerce. The program of the 
evening consisted of two papers being presented, one by C. } 
Rose, manager, Moline Plow Company, tractor plant, Rock 
Island, Ill., on the subject of “Value of Heat Treating to the 
Industries” and “Drop Forging” by R. Henry, superintendent 
of forge work, also of the Moline Plow Company. Both 0! 
these subjects being of keen interest, lively and instructiv: 
discussion was brought forth. 





NEWS OF THE CHAPTERS 
OBITUARY 


Major Robert S. Oberly, office of the chief of ordnance of 

War Department, died at Walter Reed hospital, Wash- 
neton, D. C., on September 4, 1923. 

Major Oberly was born in Easton, Pa., September 22 


in85. He was educated in the schools of Easton and was 
eraduated fromm Cornell university in 1908 with a degree in 
mechanical engineering. He entered the army in December, 
1911, as a second lieutenant of coast artillery. He was made 
first lieutenant of ordnance in June, 1914, and captain in 
September, 1916. In January 1918, he was made major of 


ordnance in the national army and _ lieutenant-colonel, Sep- 
tember, 1918. Major Oberly had served at Fort Monroe, 
Sandy Hook, Manila, Aberdeen Proving Grounds and_ in 
\Vashington. He was in charge of the arsenal order section 
in the War Department. Major Oberly has been a member 
of the Washington chapter of the American Society for Steel 
(reating since January of this year. 


ADDRESSES OF NEW MEMBERS OF THE AMERICAN SOCIETY FOR 
STEEL TREATING 


EXPLANATION OF ABBREVIATIONS. M represents Member; A represents Associate Mem- 
ber; S represents Sustaining Member; J represents Junior Member, and Sb represents Subscribing 
Member. The figure following the letter shows the month in which the membership became effective. 


NEW MEMBERS 


Barr, Warter D. (M-9), 2920 Smallman Street, Pittsburgh. 

Brost, Frep G. (M-8), 55 Court Street, Lancaster, N. Y. 

CASTNER, Wititis H. (M-9), Bethlehem Steel Co., Reading, Pa. 

CHENEY, ArtHUR M. (M-7), 40 Grove Street, Bristol, Conn. 

CLAUSEN, H. (M-5), Haregrade, Copenhagen, Denmark. 

ILORENCE Pipe Founpry & MACHINE Co. (S-9), Florence, N. J. 
Foster, JAMES L. Jr. (M-9), Warren Tool & Forge Co., Warren, Ohio. 
GLADDEN, JoHN E. (M-9), 553 Celeron Street, Pittsburgh. 

HotperR, Percy E. (M-9), 2164 N. Pennsylvania Street, Indianapolis, Ind. 
|OHNSON, GEORGE WARREN (M-9), 731 Orchard Avenue, Avalon, Pa. 
KESSELL, Roy (M-8), Lancaster Machine & Knife Works, Lancaster, N. Y. 
Marr, Wittarp P. (M-7), 613 N. Colony Street, Meriden Conn. 
KEYNOLDS, E. M. (M-9), R. F. D. No. 2 Monaca, Pa. 

SMITH Corporation, A. O. (S-8), P. O. Box 284, Milwaukee, Wis. 
STEPHENSON, A. W. (A-9), 6728 N. Sydenham Street, Philadelphia. 
(ayLor, W. Duncan (M-9), 2920 Smallman Street, Pittsburgh. 

VAN Lyen, Harotp N. (A-9), 7946 East Lafayette Avenue, Detroit. 
\VALToN, E. THomas (M-9), P. O. Box 671, Midland, Pa. 

\Voops, THomaAs J. (M-8), 735 Ellicott Street, Buffalo, N. Y. 
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Atta, E. S. from 135330 Thomson Avenue, Highland Park, Michie 
1919 Fourth Avenue, Bay City, Michigan. 

Bacon, Wm. from Reed-Prentice Company, Worcester, Mass., to N. O» 
Mass. 

BENSON, Simon from Michle Printing Press & Manufacturing Co., Ch 
to Vincennes University, Vincennes, Indiana. 

Bonninc, F. W. from 288 Broadway, Malden, Mass., to 52 Rowe S 
Melrose, Mass. 

BRUNN, FRANK from Hoover Steel Ball Co., to Hoover Steel Co. 
Arbor, Mich. 

CauGHEY, E. G. from Ohio Road, Sewickley, Pa, to 729 North 7 
Street, Steubenville, Ohio 

CoNNELL, W. L. from 2932 First Avenue, to 4532 Minnehaha Ay: 
Minneapolis, Minn 

FREDERICK, JOHN B. from Barber Colman Co., to National Lock Co., Ro 
ford, Ill. 

GepHartT, H. O. from 61 Whalley Avenue, New Haven, Conn., to Western 
Tool & Manufacturing Co., Springfield, Ohio. 

Grecc, JAMES L. from Box 90, Rolla Mo., to 1306 West Fifth Av: 
Gary, Ind. 

Gritt, C. H. from 5479 Harper Avenue, Chicago, to 2085 50th Street 
Philadelphia. 

Jounson, G. D. from 523 Hight Street, Easton, Pa. to 632% Penna 
Avenue, Elmira, N. Y. 

KENNEDY, N. W. from 5013 Smedley Street to 2031 E. Dauphen St., Phil 
delphia. 

Laury, W. H. from 256 E. Goepp Street, Bethlehem, Pa., to 224 S. Guada- 
lupe Avenue, Redondo Beach, Cal. 

LuesBkE, Otro from 924 Pennoyer Street, Grand Haven, Mich., to 1254 
Vine St., Beloit, Wis. 

MARSHALL, L. K. from 391 Flower City Park, to 158 McKinley St., Roch- 
ester, Ny: Y. 

Patrick, W. from 26th & Western Ave. to Blue Island & Western Ave, 
Chicago. 

Roprinson, J. E. from 1421 Cedar Street, Milwaukee to J. I. Case Thresh 
ing Machine Co.,Racine, Wis. 

Roor H. H. from 126 Lathrop St., Beverly, Mass to 184 Moody St., 
Waltham, Mass. 

.SMITH, R. P. from Burroughs Adding Machine Co., Detroit to 17 Kamber 
ton Drive, Pleasant Ridge, Detroit. 

Stump, F. A. from 210 Smith Ave., to 722 Shepard St., Lansing, Mich. 

Wetse, ALERED M. from 19 Wall Street to Marlin Fire Arms Corp., New 
Haven, Conn. 


rad 


Wuitney, L. L. from 1002 Hyslop Place to American Steel Foundries, 
Hammond, Ind. 


Woop, Harotp F. from 6745 Ridgeland Ave. to 11039 South Irving St 
Chicago. 


MAIL RETURNED 


ScuMitt FRANK, International Manufacturing Company, Detroit. 
Stone, Harry, Automotive Products Corporation, Hazelton, Pa. 








